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Page 6-5, Section 6.6.3 4; ADD: 
Refer to Figure 1, revision "A" 




Figure 1 HEAD CARRIAGE RETRACT SWITCH 

Page 6-9, Section 6.6.5.1, Items 6, 7, 8, and 11 ; Change to read: 

6. Place the disk drive in the RUN mode. 

7. Depress the carriage retract microswitch, which is the top 
microswitch at the rear end of the bail. 
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Apply power to the drive. The carriage will move forward. 

Pepeat steps (5) t-hrough (9^ urtil the clearance between the 
cone round surface and the alignment bar is 0.006 inches 
■*-.004 inches. 
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Page 6-9, Sec-bion 6.6.5.2, first paragraph and items 3 and 5 ; 
change to read: 

To align the Head Positioner with the Spindle Assembly, it is 
necessary to use the Alignment Bar (P/N 16438) and the Spindle 
Cone (P/N 15171). Proceed as follows: 

3 . Delete item 3 . (The tool mentioned is not available or nec- 
essary for proper head positioner adjustment) . 

5. Adjust the Head Positioner until the clearance between the 
bar and the round portion of the cone is 0.002 inches +.001 
inch. 

Page 6-10, Figure 6-23 ALIGNMENT BAR AND CONE 

Delete the reference to the "Head Positioner Alignment Tool". 
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PREFACE 

This Maintenance Manual provides the user of a Diablo Series 
40 Disk Drive with complete specifications, systems interface 
information, installation and operation instructions, principles of 
operation, and maintenance procedures. 

All schematic diagrams will be found in a separate booklet 
entitled "SCHEMATIC DIAGRAMS". This booklet will include 
only those diagrams applicable to a specific Series 40, and each 
booklet will be labeled with model and serial numbers identifying 
it as belonging with that particular machine. 

Information in this manual is current as of the date shown on 
the title page. Applicable change information will be furnished by 
Diablo Customer Service in the form of revision addenda, and/or 
Field Service Aid publications. Unless otherwise indicated, all 
technical specifications are in English terms (inch/pound). Direc- 
tional or location designations such as "front", "rear", "left", 
"right", etc. apply to the component in operating position, as 
observed from the front of the unit. When referring to connec- 
tions on multi-pin components, the component's PCB location 
code is given first, followed by a dash and the pin number. When 
referring to a flip-flop, the pin number for the "Q" output is 
used. If the flip-flop has two outputs, with neither clearly 
indicated as the "Q" output, then both pins are used, such as FF 
HI 5-6/8. 

Information in this manual is proprietary, and is not to be 
reproduced or disseminated in any form without prior written 
consent of Diablo Systems, Inc. U.S.A. and foreign Diablo 
products are covered by U.S. and foreign patents and/or Patents 
pending. 

"Diablo" is a trademark of Diablo Systems, Inc. 

© Copyright 1975 by Diablo Systems, Inc. Hayward, Ca. 94545 
Printed in the United States of America 
Publication No. 81603 - Second Edition 
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SECTION 1 
GENERAL DESCRIPTION 

1.1 OPERATIONAL CHARACTERISTICS 

The Diablo Series 40 Disk Drive shown in Figure 1-1 provides 
large on-line random access storage and unlimited off-line storage 
for small, general-purpose digital computers. Its design incorpo- 
rates features which ensure a high degree of flexibility, reliability, 
speed of access, and data integrity. It uses both a fixed disk and a 
removable Type 5440 top loading disk cartridge, for a capacity of 
up to 100 megabits of data at a recording density of 2200 
bits-per-inch (BPI) and an average access time of 38 milliseconds. 

The Series 40 Disk Drive is available in two configurations. 
Model 43 has a lateral track density of 100 tracks per inch (tpi), 
for a total capacity of 50 megabits. Model 44 has a lateral track 
density of 200 tpi, for a total capacity of 100 megabits. In 
addition, several options are available with either model. These 
are described in Paragraph 1.3, along with a description of the 
various accessories also available. 

The Series 40 consists of six functional groups: 

• The Spindle Assembly rotates the recording disks, and 
provides ventilation for the drive. 

• Four Read/Write Head Assemblies "write" data onto, or 
"read" from the two disks. 

• The Head Positioner Assembly moves the read/write heads 
to the disk track locations commanded by the using system. 

• Controls, Indicators, and Interlocks provide the means for 
front panel operation of the drive, and prevent improper 
operating sequences. 

• The Electronics group accepts, processes, generates, and/or 
supplies the electrical signals necessary for the disk drive to 
perform its intended function. 

• An external power supply converts AC line power to the 
several DC operating voltages required by the drive. Nor- 
mally, this consists of the Diablo Systems, Inc., Model 429 
Power Supply furnished with each Series 40 Disk Drive. 

The spindle drive motor is mounted on the spindle shaft, 
eliminating belts, pulleys, and idler systems. This eliminates belt 
wear and pulley tolerances as factors in spindle speed control, as 
well as a major source of internal contamination. Spindle speed is 
controlled electronically, and is independent of normal fluctua- 
tions in line voltage or frequency. The air blower for the 
ventilation system is also mounted on the spindle shaft, elimi- 
nating the need for a second motor. Disk contamination from 
outside sources is virtually eliminated by passing all air drawn 
into the unit through an absolute no-by-pass air filter. This filter 
retains 99.97% of all particles 0.3 microns or larger. Filtered air is 
then directed into both disk areas and through them to cool the 
electronics areas before exhausting at the rear of the machine. In 



addition, each disk surface is swept with a cleaning brush each 
time the drive is powered up. 

The head-positioning system's case is designed to contain the 
strong magnetic field of its drive coil. This reduces stray magnetic 
flux at the read/write heads to a negligible level, eliminating a 
common cause of disk system data error. System design also 
includes temperature compensation to enhance accuracy. This 
includes appropriate materials selection, component locations to 
achieve common environment conditions, and, for the 200 tpi 
drives, electronic compensation for second-order temperature 
effects. 

Head loading is accomplished gently, with no head-to-disk 
contact, by dashpot regulated solenoid controlled release of 
compression springs acting directly on the head assemblies. In the 
event of power failure, the solenoid return spring easily over- 
powers the head loading springs to unload the heads automatical- 
ly, providing protection for heads, disks, and data. A system of 
interlocks also prevents damage to heads or disk surfaces due to 
operator error. 

1.2 GENERAL SPECIFICATIONS 

General specifications for the Series 40 Disk Drive are listed in 
Table 1-1. 

1.3 OPTIONS AND ACCESSORIES 

The following options and accessories may be included in any 
Series 40. 



Options 



1500 RPM SPINDLE (100 tpi only) - provides a choice of 
bit transfer rates. The btr at 1500 rpm is 1.562 mHz, with 
an average latency of 20 ms. 

ADDRESS COUNTER AND SECTOR MARK - furnishes 
output signals showing the sector location of the read/write 
heads at any instant, and generates a pulse to the using 
system whenever a sector slot on the hub of the disk 
selected by DISK SELECT passes its transducer. 

WRITE PROTECT — prevents inadvertant writing (record- 
ing) over previously recorded data. Either or both disks 
may be protected. 

VFO — enhances data retrieval reliability by eliminating 
data errors caused by clock pulse jitter, and provides 
data/clock separation permitting operation with systems in 
which missing clock pulses occur, such as Systems 3 
hardware. 

DESK-TOP INTERLOCK - provides interlock protection 
against unsafe cartridge removal in desk top models, similar 
to that which prevented equipment drawer opening in rack 
mounted models. 




Figure 1-1. Diablo Systems, Inc., Series 40 Disk Drive 



• SERIES 30 COMPATIBILITY - provides index and sector 
marks of 5 ^is duration, and reduces addressing response to; 
Address Acknowledge and Logical Address Interlock occur- 
ring 35 (± 10) fis for 5 (± 2) lis after the leading edge of 
Strobe. Logical Address Interlock is a pulse, not a dc level. 

• UNSEPARATED DATA - provides unseparated read data 
and clock pulses to the using system. 

Accessories 

• CABLES — disk drive interconnect cables are available for 
use when the daisy chain method of operation is used. A 
controller-drive interconnect cable is also available. All are 
50-conductor flat cables. 

• TERMINATORS — one per system is required, to be 
installed in the output I/O connector of the last drive in the 
system chain. 



TYPE 5440 CARTRIDGE - available with or without 
sector slots. 

POWER SUPPLY - one Diablo Model 429 Power Supply is 
furnished with each Series 40 Disk Drive, and provides the 
dc power necessary to operate one drive. The Model 429 
operates on either 1 15 or 220 Vac, 50 or 60 Hz. Additional 
Model 429 supplies are available as accessories. 

ALIGNMENT CARTRIDGE - necessary for performing 
adjustments as described in Section 6 of this manual. 

MODEL 500 PROGRAMMABLE TESTER - exercises all 
seek, read, write functions of the Series 40. It greatly 
facilitates the performance of alignments described in Sec- 
tion 6 of this manual. Unit can be programmed for use with 
a standard Series 40, or for use with a Series 40 utilizing 
Address Mark type format (VFO Option). 
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Table 1-1. 
Specifications 



Parameter 


Model 43 


Model 44 




Storage Medium: 








Type 


Type 5440 cartridge and a fixed disk. 


Type 5440 cartridge and a fixed disk. 




Diameter 


15 inches. 


15 inches. 




Lateral Track Density 


100 tracks per inch. 


200 tracks per inch. 




Recording Techniques: 








(double frequency) 








Tracks 


816 (200 plus 4 spares on each 


1632 (400 plus 8 spares on each 






surface of each disk. 


surface on each disk. 




Cylinders 


204 (four tracks per cylinder. 


408 (four tracks per cylinder, 






two per disk. 


two per disk). 




Capacity, Bits:* 








Per drive 


50,000,000 


100,000,000 




Per disk 


25,000,000 


50,000,000 




Per inch (innermost track) 


2200 


2200 




Per cylinder 


250,000 


250,000 




Per track 


62,500 


62.500 




Access Time: 








Track-to-track 


10ms 


8ms 




Average 


38ms 


38ms 




Full Stroke 


70ms 


70ms 




Disk Rotation:** 


2400 rpm ±2% 


2400 rpm ±2% 




Average Latency 


12.5ms 


12.5ms 




Bit Transfer Rate 


2500kHz 


2500kHz 




Power Requirement: 


-t-24Vdc ±5%, 6A 


-H24Vdc ±5%, 6A 






-24Vdc ±5%, 5A 


-24Vdc ±5%, 5 A 






+5Vdc ±5%, 4A 


-H5Vdc ±5%, 4A 




Heat Dissipation: 


900 btu/hr 


900 btu/hr 




Environment (operating): 








Temperature 


50°Fto104°F 


60° F to 90° F 




Temperature Change Rate 


1 5° F per hour 


15°F per hour 




Relative Humidity 








(non-condensing) 


20% to 80% 


20% to 80% 




Maximum Altitude 


6000 ft 


6000 ft 




Environment (storage): 








Temperature 


-40°Fto 150°F 


-40°Fto150°F 




Relative Humidity 








(non-condensing) 


5% to 95% 


5% to 95% 




Physical: 








Width 


17-1/2 inches 


17-1/2 inches 




Height 


10-5/16 inches 


10-5/16 inches 




Weight (w/cartridge) 


136 lbs 


136 lbs 





*The figures shown are nominal. Actual capacity will depend on formatting and data checking methods used. 
**1500 rpm available as an option. With 1500 rpm the average latency is 20ms and the transfer rate if 1562kHz. 
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SECTION 2 
INSTALLATION 

2.1 DISK DRIVE DIMENSIONS AND CLEARANCES 

Figure 2-1 shows the basic dimensions of the Series 40 Disl< 
Drive, including its slide rails for mounting in a standard 19-Inch 
rack cabinet. Rail spacings from 27-1/2 to 28-5/8 Inches can be 
accommodated. The Series 40 I/O connector box remains station- 
ary when the drive is extended, making provision for cable 
movement unnecessary. The drive extends approximately 20 
inches from the rack when opened for disk cartridge insertion or 
removal, and approximately 31 inches when opened for service. 



2.2 UNPACKING 

The Series 40 is packed for shipment as shown in Figure 2-2. 
Remove the machine from the inner packing container, and 
remove the plastic dust cover. Packing materials should be 
retained for possible future use. Referring to Figure 2-2, remove 
the four 7/16" x 4" bolts, washers, and stand-off pillars securing 
the unit to the plywood base. These are accessible from under- 
neath. 

NOTE 
DO NOT turn the disk drive upside down! 

Next, remove the four slide clamps holding the rack slides to 
the base. The drive can now be lifted clear of the base. 



19,062 
OUTSIDE BRACKET 
FLANGE 



30.125 OVERALL LENGTH 



28,250 



17.625 

OUTSIDE 

SLIDES 



17.250 





• 1.250 



18,875 
FRONT PANEL 



lo.iee 




+ 




10,312 
FRONT PANEL 



' — .031 




Figure 2-1. Series 40 Basic Dimensions 



Figure 2-2. Series 40 Packing Shipment 
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2.3 PREPARING THE SERIES 40 FOR USE 

The following four steps may be performed in any order to 
prepare the disk drive for installation and use. 

Check Drawer Interlock Switch Actuator 

Referring to Figure 2-3, lift the left hand drawer latch, as 
shown, and observe the position of the drawer interlock switch 
actuator arm. The solid line illustration shows the correct posi- 
tion for this arm. If the arm is out of position and wedged beside 
the Strieker plate as shown, move It to its correct position. 

Remove the Shipping Clamp 

A shipping restraint is installed prior to shipment, to prevent 
movement of the head assemblies. This restraint must be removed 
prior to connecting the disk drive to its using system. Referring to 
Figure 2-2, remove the four screws holding the top rear cover, 
and remove the cover. Next, loosen the securing screw for the 
data channel box shown in Figure 2-4, and tip this box up to the 
right to expose the read/write head area. 

Figure 2-5 shows the location of the shipping restraint clamp 
and its mounting screw. Remove both of these, and store for 
possible future use. Reposition the data channel box and tighten 
its securing screw, replace and screw down the top cover. 

Installing Select and Attention Line Jumpers 

Series 40 Disk Drives are shipped with the select line and 
attention line jumpers installed in the No. 1 position. If it is 
desired to change these jumpers, first remove the terminator if 
installed (see Figure 2-2). Next, remove the I/O Box cover 
(behind the terminator) by removing the two screws and washers. 



cWRONG POSITION 



-ACTUATOR 
ARM 




LATCH 



STRIKER PLATE 



Figure 2-3. Drawer Interlock Switch Position 

and gently prying the cover off. The Select And Attention Line 
Jumpers may now be seen as shown in Figure 2-6. They may be 
pulled out and replaced easily. Each jumper is to be installed with 
one of its pins in the center socket, and the other in the socket 
corresponding to the number assigned to the drive by the user. 

NOTE 
Both jumpers must be installed in corresponding positions. 
(1 & 1/2&2/etc.j 

When the jumpers have been properly installed, replace the 
cover and reconnect the terminator or I/O cable connector as 
required. 




SHIPPING CLAMP 



SECURING SCREW 



Figure 2-5. Shipping Clamp 



2.4. INSTALLATION - RACK MOUNT 




Figure 2-4. Data Channel Box 



The Series 40 may be installed in a standard 19-inch rack with 
27-1/2 to 28-5/8 inch rail spacings as follows: 

1. Carefully examine the two side mounted rack slides, while 
referring to Figures 2-3 and 2-7. Locate the drawer latches. 
Raise the LH latch to release the slide, and extend the slide 
(with the I/O Assembly attached) to the rear until it stops. 
Locate the intermediate stop under the slide center, press it 
in, and continue to extend the slide to its maximum 
extension or maintenance position. 

2. Referring to Figure 2-7, identify the several parts of the 
assembly, and note carefully how they fit together: 

• I/O Card Cage Assembly (LH only) 

• I/O Assembly Clamp Screws (LH only) 

• Nut Plates (front and rear on each side) 

• Mounting Brackets (2 each side) 

• Slide Assembly Mounting Screws 

3. Fully extend the RH slide, remove the two slide assembly 
mounting screws, and remove the slide from the drive. 

4. Fully extend the LH slide. Remove the four (4) I/O 
Assembly Clamp Screws, while holding the I/O Assembly in 
place. 

5. Carefully move the I/O Assembly away from the extended 
slide, and gently push it back inside the drive into the area 
it normally occupies. Retrieve the two nut plates from 
beneath the top lip of the extended slide member. 



6. Remove the LH slide's two mounting screws, and remove 
the slide from the drive. 

7. Install the two slides in the rack per system definition. 
Adjust the rear mounting brackets as necessary to fit the 
rack rails. To prevent mounting slippage, use at least three 
(3) screws to attach each mounting bracket to its rail. 

8. Position the unit on the fully extended slides. 

9. Place the two nut plates in position under the top lip of the 
LH slide. Gently remove the I/O Assembly from the drive's 
rear compartment, move it into position on the LH slide, 
and install the four (4) clamp screws. Adjust assembly and 
nut plate locations as necessary for hole alignment. 

10. Slide the unit fully into the rack, and check for proper 
operation of the drawer latches. Adjust the latch Strieker 
plate (RH) and/or I/O Assembly (LH) as necessary for 
proper latch operation. Refer to Section 6.6.3.2. 

11. Check shock absorber height adjustment for proper base- 
to-bottom pan clearance. Adjust the shock absorbers as 
required. See Figure 2-8. 

12. Make necessary I/O Panel connections to complete installa- 
tion. See Section 4. 

CAUTION 
The Series 40 Disk Drive weighs approximately 150 
pounds. Make sure the rack, if free standing, has enough 
counter weight to prevent it from tipping forward when the 
unit is placed on the slides. 

Adjust the slide locations as needed for hole alignment, and 
install the four (4) slide assembly mounting screws to 
secure the Series 40 to the slides. 
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I/O ASSEMBLY 
CLAMP SCREWS 



RH SLIDE 
ASSEMBLY 



I/O ASSEMBLY 
CLAMP SCREWS 



I/O CARD CAGE 
ASSEMBLY 




LH SLIDE 
ASSEMBLY 



SLIDE ASSEMBLY 
MOUNTING SCREWS 



NUT PLATES 



MOUNTING BRACKETS 



Figure 2-6. Select Line and Attention Line Jumpers 



Figure 2-7. Assembly 
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Figure 2-8. Shock Mount Adjustment 
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SECTION 3 
OPERATING INSTRUCTIONS 

3.1 OPERATING PRECAUTIONS 

Disk Drive Operation 

To obtain the best performance and reliability from the Series 
40, and to prevent equipment damage, the following precautions 
should be observed: 

• Do not connect or disconnect power or I/O cables while 
power is turned on. 

• Keep the equipment drawer closed to prevent airborne 
contamination. Either a disk cartridge or the dust cover 
should be in place in the bowl at all times. 

• The drive should be left in the RUN mode whenever 
possible so that dean filtered air will be suF»plied to the 
interior of the machine. 

• A sustained audible "tinging" or "scratching" sound may 
be caused by head-to-disk contact. If it persists, discontinue 
machine operation and investigate the cause. 

• Do not force or attempt to override any interlock. Inter- 
locks are safety devices, included to prevent injury, equip- 
ment damage, and loss of data. 

Cartridge Handling and Storage 

The following precautions should be observed when handling 
or storing disk cartridges: 



• Cartridges are magnetically recorded records. They MUST 
be kept away from strong magnetic fields, such as large 
rotating electrical machines, high current buss bars or 
cables, welding equipment, etc. 

• The cartridge dust cover should be in good condition, and 
kept on the cartridge while it is out of the disk drive. This 
ensures a positive dust seal, and immobilizes the disk inside. 

• Cartridges may be stored on edge or flat. When stored flat, 
avoid stacking more than five (5) high. Cartridges should 
never be stored in direct sunlight, or in very dusty or dirty 
areas. 

• Any Disk Cartridge that has been dropped should be 
inspected by the disk cartridge manufacturer before at- 
tempting to use it. 

• Refer to the cartridge manufacturer's instructions for main- 
tenance and cleaning procedures. 

3.2 CONTROLS AND INDICATORS 

Standard Series 40 Disk Drives have one front-panel control 
and four front-panel indicators: 

LOAD/RUN switch 
LOAD indicator 
READY indicator 
CHECK indicator 
POWER indicator 



Table 3-1. 
Controls and Indicators 




CONTROL/INDICATOR 


FUNCTION 


LOAD/RUN Switch 


A two position rocker switch that provides a means for starting and stopping the disk drive. 
Cartridges may be removed and inserted when the switch is in the LOAD position and the 
LOAD light is on. With a cartridge inserted, and the drawer closed, switching to the RUN 
position starts the disk drive and brings the disk up to its normal operating speed in about 60 
seconds. When the switch is moved to the LOAD position, the disk decelerates to a stop in 
about 15 seconds, after which the LOAD light turns on, and the equipment drawer can be 
opened. 
NOTE: Does not control power to the drive. 


LOAD 


A white indicator light which shows that cartridges can be loaded or unloaded. The light is 
on only when the LOAD/RUN switch is in the LOAD position, the disk is not rotating, the 
brushes are retracted, and power is on. 


READY 


A yellow indicator light which shows that the drive has completed its start-up sequence. The 
light comes on when the disk is rotating at its correct speed, heads are in position and no 
other conditions are present which would prevent a seek, read, or write command from 
being executed. The light remains on through a seek, read, or write operation. The light 
extinguishes when the LOAD/RUN switch is set in the LOAD position. 


CHECK 


An orange indicator light which shows that due to some abnormal condition the Series 40 
may be incapable of writing. When the abnormal condition no longer exists, the Series 40 is 
reset by moving the LOAD/RUN switch to LOAD position and then back to RUN. 


POWER 


A red indicator light that is on when operating power is present. 


Optional Control/Indicator 




PROTECT 
(located in POWER 
light position) 


A red backlighted momentary-contact pushbutton switch that is installed in place of the 
POWER indicator on those disk drives that are equipped with the Write Protect option. The 
switch glows and writing is inhibited whenever the LOAD/RUN switch is changed from RUN 
to LOAD, and this condition remains when the switch is returned to the RUN position. 
Write Protect is also set when the using system sends a Write Protect command. To allow 
writing. Write Protect is turned off by the operator depressing the PROTECT switch. The 
operator can set Write Protect at any time by moving the LOAD/RUN switch to LOAD and 
then back to RUN. Write Protect is also set when the drive is first turned on. 



Figure 3-1. Front Panel, Series 40 Disk Drive 



If the Write Protect option is installed, the POWER indicator is 
replaced by a lighted PROTECT switch. 

The controls and indicators are shown in Figure 3-1, and 
depict a drive with the Write Protect option Installed. Table 31 
summarizes the functions of the controls and indicators, 

3.3 INTERLOCKS 

The disk drive equipment drawer is locked shut while equip- 
ment power is off, or while the spindle is rotating. The operator 



should never attempt to force the equipment drawer open, or to 
defeat any interlock. This practice could lead to equipment 
damage. The cartridge clamps cannot be operated while the heads 
or disk cleaning brushes are positioned over the disk surface, or 
when equipment power is off. The spindle motor will not rotate 
if the equipment drawer is open, if the cartridge dust cover is not 
installed, or if the cartridge clamps are open. With the desk-top 
interlock option installed, the cartridge clamps assume the same 
interlock function as the equipment drawer interlock does on a 
standard drive. This is in addition to their normal interlocking 
function. 
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3.4 TYPICAL OPERATING PROCEDURES 

Initial Cliecl<out 

NOTE 
The Series 40 must be removed from its plywood stiipping 
base prior to initial checkout and alignment. If not installed 
in a rack or cabinet, place the unit on a stable flat surface. 

Check for proper supply voltages prior to connecting the 
power cable to the Series 40 Disk Drive. Completely connect the 
drive to its power source before applying power. Set the drive's 
front panel LOAD/RUN switch to the LOAD position and apply 
power. For standard drives, verify that the POWER indicator is 
on. For drives with the Write-Protect option installed, the 
PROTECT light may or may not be on, depending on disk 
selection and system input. Verify that the front-panel LOAD 
indicator came on within 60 seconds after applying power. 

• Open the equipment drawer by pulling out on the door 
handle as shown in Figure 3-2. 

• Open the two cartridge clamps located on each side of the 
spindle bowl. 

• Refer to Figure 3-3. Slide the tab on the cartridge handle to 
the left, raise the handle, and lift the cartridge clear of its 
"dust cover" lower half. 

• Place the opened cartridge over the spindle hub oriented so 
that its handle would fold toward the rear. Lower the 
cartridge into place with a gentle back and forth rotary 
motion to ensure that its lower notches engage the align- 
ment tabs inside the bowl. Lower the cartridge as far as it 
will go, then lower its handle to lock it in place. 

• Place the cartridge "dust cover" upside down inside the 
drive's cartridge bowl on top of the cartridge just installed, 
anu CiOse the two cartrioge Ciamps. 

• Slide the drive back into its compartment until the latches 
engage the slides. 

• Set the LOAD/RUN switch to RUN. Verify that the front 
panel LOAD light goes out. 

■ Allow the equipment about 60 seconds to complete its 
start-up cycle. Verify that the READY light comes on at 
the completion of this cycle. 




Figure 3-2. Opening the Equipment Drawer 



NOTE 
If the Write Protect option is installed, the PROTECT light 
will also be on, and must be depressed to extinguish the 
light before attempting to "write" on the disk. 

Further checkout or operation as appropriate to the using 
system may now be performed. 

NOTE 
If data bases which require interchangeability are to be 
generated, align the R/W heads as described in Section 6 
after installation of the disk drive. 

When disk operation is complete, or when it is desired to 
exchange cartridges, the following steps are to be followed: 

• Set the LOAD/RUN switch to LOAD. Wait for the LOAD 
light to come on (about 15 seconds). 

• Open the equipment drawer (Figure 3-2), and slide the 
drive out to its first stop. 

• Open the cartridge clamps and lift off the cartridge dust 
cover. 




SLIDE TAB 
d) RAISE HANDLE 
(D LIFT 

CARTRIDGE SHOWN CLOSED 




CARTRIDGE 
DUST COVER 



® 



ORIENT TOWARD REAR OR 
DRIVE WHEN INSTALLING 



CARTRIDGE SHOWN OPENED 



Figure 3-3. Opening the Type 5440 Disk Cartridge 



Slide the tab on the cartridge handle to the left, raise the 
handle to disengage the cartridge from the spindle, and lift 
the cartridge clear of the drive. 

Invert the dust cover, lower the cartridge into it, and fold 
the handle down all the way to engage the cover magnets 
and release the tab. The cartridge is now ready for storage. 



• Install another cartridge and dust cover, close the equip- 
ment drawer, and place the drive in the RUN mode or 
completely deenergize the system. 

MfSTC 
IV\J I ^ 

If no cartridge is to be installed at this time, cover the 
spindle bowl area with a plastic sheet or other lint-free 
cover. 
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SECTION 4 
INTERFACE INFORMATION 

4.1 POWER AND INTERFACE REQUIREMENTS 

Series 40 Disk Drives require +24 Vdc ± 5% @ 6A average, -24 
Vdc ± 5% @ 5A average, and +5 Vdc ± 5% @ 4A. These voltages 
are normally supplied by the Diablo Model 429 Power Supply 
furnished with each drive. The Series 40 does not include 
provision for power control. All power to the unit must be 
controlled by the using system. 

If the user wishes to utilize a different power supply, several 
precautions must be observed. In the Series 40, ±24 Vdc power is 
distributed separately to the high current drive and low current 
logic circuits. To avoid common impedance problems, separate 
leads must be used for these high and low level circuits. If the 
power cable must exceed 6 feet in length, a 30,000 uF 50 wVdc 
buffer capacitor should be used in each lead, and located within 
2-1/2 feet of the disk drive. Conductors used for the power 
circuits should not be lighter than 16 AWG, and common flat 
braid 14 AWG should be used for the 24 volt circuit ground 
returns. A separate 16 AWG conductor should be used for the 
5-volt return. These leads should be twisted together. 

Power connector part numbers are given in Table 4-1, and 
power cable pin assignments are given in Table 4-2 below. 

4.2 SIGNAL INTERFACE 

Interface Connector 

In addition to the power connector, each standard Series 40 
Disk Drive has two interface connectors on its I/O box. The top 
connector is considered to be the input connector, receiving input 
information from a controller or from another disk drive pre- 
ceding it in a "daisy chain" system. The bottom connector is 
considered to be the output connector, providing circuit connec- 
tion facilities for a succeeding disk drive in a "daisy chain" 
system. If this is the last drive in a "daisy chain" system, or the 
only drive in the system, the bottom connector receives the 
required terminator. Table 4-3 shows the part numbers for the 
I/O and mating cable connectors. 



Table 4-1. 
Power Connector Part Numbers 



Power Connectors 


Power Cable Connectors 


Shell: Winchester MRAC 
14 PJ, Diablo #10524-11. 

Pin Contacts: 1 00-09 19P, 
Diablo #10525-10. 


Shell: Winchester MRAC 

14 SJTCH, Diablo #10524-10. 

Socket Contacts: 100-0919S, 
Diablo #10525-11. 



Table 4-2. 
Power Connector Pin Assignments 



Power Function 


Pins 


Ground {for 24V circuits) 

-24 Vdc for Spindle Drive 

-24 Vdc for Servo and R/W Circuits 

+24 Vdc for Spindle Drive 

+24 Vdc for Servo and R/W Circuits 

+ 5 Vdc return 

+ 5 Vdc 


R 

A 

L&H 

C 

N&K 

P 

M 



Interface Pin Assignment Summary 

Interface connector pin assignments are summarized in Table 
4-4, and are defined in the paragraphs immediately following. 

Input Lines 

The following input lines are found on the standard Series 40 
configuration. Unless otherwise stated, the signals on control 
input lines must be held for the duration of the function 
controlled. Signals levels are volts nominal for "true", and +3.5 
volts nominal for "false". 

• SELECT LINES — the interface has four lines assigned to 
the unit-select function, in order that the controller may 
select one particular drive in a system where more than one 
drive is used. As previously described, the line to be used is 
jumper selected inside the drive's I/O box. The selected 



Table 4-3. 
I/O Connector Part Numbers 







Top I/O Connector 


Bottom I/O Connector 




Shell 


Pins 


Shell 


Pins 


I/O Box 
Connector 


Diabto 


10667-OT 


10583-01 


10667-02 


10583-02 


Winchester 


MRAC 50 PJ6 


1024P 


MRAC50SJ6 


1024S 


I/O Cable 
Connector 


Diablo 


10670-02 


10525-13 


10670-01 


10525-12 


Winchester 


MRAC 50 SJTDH 


100-0927S 


MRAC 50 PJTDH 


1 00-091 7P 



line, when "true", qualifies all of the drive's other interface 
lines except ATTENTION. SELECT and ATTENTION 
jumpers must correspond. 

DISK SELECT - this line selects the disk to be used in a 
forthcoming operation. "True" selects the removeable cart- 
ridge disk, while "false" selects the fixed disk. 

HEAD SELECT - this line selects the upper or lower head 
for use with the selected disk. "True" selects the upper 
head, while "false" selects the lower head. 

TRACK ADDRESS - these lines accept 8-bit (9-bit for 
200 tpi) binary absolute cylinder addresses. When strobed, 
their content is supplied to an internal address register to 
control head movement. These lines must be settled prior 
to application of the strobe signal, and should be held until 
the trailing edge of the strobe signal. 



STROBE — this line is used to enable the track address and 
restore lines. Strobe should be applied only after the 
appropriate signal lines have settled, and must be held until 
at least the leading edge of the ADDRESS ACKNOWL- 
EDGE signal. Rise and fall times are to be compatible with 
commercially available DTL and TTL integrated circuits. 
The strobe pulse is "true". 

RESTORE — this line carries the "head positioner restore 
to command". When this command has been completed, 
the heads are located over cylinder 0, the address registers 
have been set to address 0, and the Seek Incomplete 
condition is reset. The RESTORE line must have settled to 
± 10% of its steady value prior to the application of the 
strobe signal. The restore pulse is "true". 

WRITE GATE — signals on this line enable write current in 
the selected head, and, in conjunction with ERASE GATE, 



Table 4-4. 
Interface Pin Assignments 



Signal Function Pin 

-Select Unit 1 . L 

-Select Unit 2 R 

-Select Unit 3 V 

-Select Unit 4 Z 

±Disk Select AA 

±Head Select a 

-Track Address Bit 1 N 

Bit 2 s 

Bit 4 J 

Bits X 

Bit 16 f 

Bit 32 T 

Bit 64 b 

Bit 128 SB 

@** Bit 256 m 

— Restore w 

-Strobe t 

—Write Gate e 

-Read Gate E 

-Write Data & Clock B 

—Erase Gate K 

-Write Protect Input H 

Unused at this time D 

Designated for future use M 

*Unused at this time z 

**-200 tpi line z 

Unused at this time d 



Signal Function Pin 

-File Ready U 

—Ready to Seek, Read, Write F 

—Address Acknowledge p 

—Logical Address Interlock y 

—Seek Incomplete u 

—Index Mark Y 

-Write Check h 

-Read Clock A 

-Read Data C 

+Attention 1 CC 

+Attention 2 DD 

+Attention 3 EE 

+Attention4 FF 

Write protect status P 

+5 volts for terminator r 

Ground S 

Ground x 

Ground HH 

—Sector Mark (see note) W 

—Sector Bit 1 (see note) c 

—Sector Bit 2 (see note) j 

-Sector Bit 4 (see note) k 

—Sector Bit 8 (see note) n 

-Sector Bit 16 (see note! v 

* 100 tpi only 

**200tpi onty 
@Hold "false" on 100 tpi drives 



NOTE: 



These lines are unused on disk drives without Sector Counter options. 
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disable the read gate circuits. The signal must be applied at 
least 2 ixs prior to writing the first flux transition, and held 
for the duration of the write operation. The write gate is 
"true" for current on. 

• ERASE GATE - this line, when "true", enables erase 
current to the selected head and, in conjunction with 
WRITE GATE, disables the read gate circuits. 

• WRITE DATA & CLOCK - this line accepts multiplexed 
data and clock pulses for double frequency or phase 
encoding type recording, one complete pulse for each 
recorded' flux reversal. Pulses must have a minimum width 
of 100 ns, and pulse leading edge must have a transition 
time of not more than 50 ns. This line is held at +3.5 volts 
when not writing. Pulses are negative going to volts. 

• READ GATE - when "true", this line enables the READ 
CLOCK and READ DATA output lines. The read gate must 
be held "true" during the desired read operation. 

Output Lines 

• FILE READY — this line supplies a maintained "true" level 
as long as aH of the following conditions are met: 

a. Power on 

b. Cartridge loaded 

c. Equipment drawer closed 

d. LOAD/RUN switch in RUN position 

e. Start-up cycle complete 

f. WRITE CHECK false 

g. FILE SELECT true 

• READY TO SEEK, READ, OR WRITE - (Ready to 
S/R/W) — a "true" level on this line indicates that the disk 
drive is in File Ready condition, and is not in the process of 
executing a seek operation. Following a seek "command" 
to a valid address (new address received other than present 
address), or a Restore command, the READY to S/W/R line 
goes "false" within 1 /xs after leading edge of the Strobe 
signal. This line goes "true" when the seek (or restore) 
operation has been completed, the heads are fully settled, 
and the drive is ready to read, write, or seek to another 
address. This line does not change when the present 
cylinder address is re-addressed. 

• ADDRESS ACKNOWLEDGE - a "true" level on this line 
indicates that a valid command to move the heads (seek 
command) had been accepted, and the heads have begun to 
move. An ADDRESS ACKNOWLEDGE signal (1 lis "true") 
is issued 500 ns after the leading edge of the Strobe, even if 
there is no change from the previous address. This signal 
will not be issued if a command to, move to a track position 
greater than 203 (407 for 200 tpi drives) is received. In this 
case, execution of the command is suppressed, and a 
Logical Address Interlock signal is issued on another line. 



LOGICAL ADDRESS INTERLOCK - a "true" level on 
this line indicates that a track address (seek command) 
greater than 203 (407 for 200 tpi drives) has been received, 
and that the command can not be executed. The seek 
command is suppressed. Logical Address Interlock has the 
same timing relationships as the Address Acknowledge, and 
is reset with the next valid Address Acknowledge signal or 
Restore command. 

SEEK INCOMPLETE - a "true" level on this line indicates 
that a malfunction has caused an incomplete seek opera- 
tion. This signal level is maintained until a Restore com- 
mand has been received and executed by the drive. 

INDEX MARK - this line supplies one "true" 40 (is pulse 
(5 /is for drives with the Series 30 Compatibility Option) 
per disk revolution as the mechanical index slot on the disk 
hub of the selected disk passes its transducer. 

WRITE CHECK - a "true" on this line indicates that one 
or more of the following conditions exist: 

a. WRITE GATE "true" without write current 

b. Write current without WRITE GATE "true" 

c. Write and select of multiple heads 

d. Erase current without ERASE GATE "true" 

e. ERASE GATE "true" without erase current 

When WRITE CHECK is "true", execution of all external 
commands is suppressed, and the front panel CHECK light 
is on. The operator may reset Write Check by moving the 
LOAD/RUN switch to LOAD and then back to RUN. 

WRITE CHECK is also used to signal out-of-tolerance 
power supply conditions. In this event, reset is not re- 
quired. 

READ CLOCK - this line carries clock pulses separated 
from data pulses during reading. Pulse width is 100 ns ± 50 
ns. The leading negative-going edge must be used for 
reference. For drives with the Unseparated Data Option, 
there is no output on this line. 

READ DATA — this line carries data pulses which have 
been separated from clock pulses during reading. Pulse 
width is 100 ns ± 50 ns. The leading negative-going edge 
must be used for reference. For drives with the Unseparated 
Data Option, both clock and data pulses appear on this line. 

ATTENTION LINES - the interface connector has four 
lines assigned to the attention function, in order that the 
controller may be signaled by the selected unit in a system 
where more than one drive is used. Attention Line output is 
a logical combination of pulses used to inform the using 
system when the drive is ready, completes seek, fails to 
complete seek, accepts a seek command to the present 
address, or receives an invalid address. As with the Select 



Lines, the Attention line to be used is jumper selected 
inside the drive's I/O box. Also, SELECT and ATTENTION 
jumpers must correspond. 

• 200 TPI LINE - this line, used only on 200 tpi drives, 
notifies the controller that the drive is a 200 tpi machine. 
Output is "false" until the drive is selected, and the heads 
are loaded. 

Optional Input 

• WRITE PROTECT - a "true" signal on this line, with a 
minimum duration of 350 ns sets the write protect circuit 
on drives with this option installed. Write Protect is also set 
whenever the LOAD/RUN switch is moved from LOAD to 
RUN. This option prevents inadvertent writing on the disk 
by disabling the write amplifier. Write Protect is selectable 
for either or both disks internally. 

Optional Output 

• WRITE PROTECT STATUS - this line provides a signal 
indicating write protect status, where a "true" indicates the 
drive's write capability is inhibited. The operator may 
release write protect by depressing the front panel PRO- 
TECT lighted push button switch to extinguish the light. 
Reset of write protect status requires either a controller 
supplied Write Protect signal, or an operator LOAD/RUN 
switch movement. 

• SECTOR MARKS - this line supplies one "true" 40 jus (5 
US for Series 30 Drive compatible machines) pulse for each 
sector slot on the disk hub of the selected disk as it passes 
its transducer. 



• SECTOR ADDRESS - these 5 lines continuously define, in 
binary form, the sector address under the heads. The 
counter in use is advanced by the leading edge of each 
sector mark, and is reset to by the leading edge of the 
first sector mark following the index mark. 

Output Line Drive Capability 

An output driver circuit for the READ CLOCK and READ 
DATA lines is shown in Figure 4-1, for the standard configura- 
tion. All other lines are shown in Figure 4-2. 

Figure 4-3 shows the READ CLOCK and READ DATA lines 
when the VFO option is installed. 

Input Gates 

The Series 40 Disk Drives use an 8836 type NOR gate as the 
input circuit. This device has a higher input threshold in the 
"low" logic state than most commercially available DTL orTTL 
circuits, assuring a higher noise margin on all input tines. Input 
hysteresis of the 8836 gates further increases noise immunity. 
Low input current, even with no Vcc, prevents a Series 40 with 
power down from affecting other drives in a daisy chain system. 
In addition the 8836 input circuit loads the signal transmission 
lines with significantly less input current under operating condi- 
tions, causing less local reflections on the line. 

The input of the 8836 circuit has to be "pulled up" in the 
"high" logic state, and cannot be driven by an open collector 
driver stage without collector resistance. The Series 40 applica- 
tion has this resistance located in the terminator, which must be 
installed on the last disk drive in the daisy chain, or on any drive 
used singly. Figure 4-4 shows the input circuit used in the Series 
40. 
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Figure 4-1. Output Driver - Read Clock and Read Data 
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Figure 4-2. Output Driver Circuit 



Figure 4-3. Output Driver Circuit 
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Figure 4-5. Interface Connector Assembly 
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4.3 INPUT/OUTPUT CABLES 



Two types of cable may be considered for use with the Series 
40. One type is the conventional round cable consisting of 
twisted pairs for each signal, with a PVC jacket. The other type is 
a PVC flat cable with a flexible ground plane. 

Flat Cable 

Because of the uniform transfer characteristics and production 
efficiency, a flat cable type is recommended. The flat cable, 
ordered by option number from Diablo, has the following 
physical characteristics: 



Number of conductors 

Wire size 

Shield 

Insulation 



50 

30 AWG solid 

Flexible ground plane 

PVC 



The characteristic wave impedance is 80 Ohms, with the shield 
plane grounded on both ends. 

Round Cable Twisted Pair 

For those applications where, in spite of the drawbacks, a 
round cable is preferred, the type recommended is made of 
twisted pairs insulated with head sealed overlapping MILENE 
tapes. Physical characteristics of round cables are: 



Figure 4-4. Standard Input Circuit 



Number of twisted pairs 
Wire size 

Nominal OD of insulated wire 
Nominal OD of PVC jacket 
Underwriters' Laboratory rating 



50 

28 (7/36) AWG 

.023" 

.370" 

Style #2384 



The characteristic wave impedance of one single twisted pair is 
approximately 85 Ohms. If all ground leads of the twisted pairs 
are grounded on both ends, the wave impedance is reduced to 75 
Ohms. If the twisted pairs are jacketed by an overall braided 
shield, the wave impedance drops to approximately 45 Ohms, 
which results in excessive current from the drive circuits. Individ- 
ually shielded twisted pairs cable is not recommended. 

Figure 4-5 shows one practical method of dressing the twisted 
pair wires at the cable end. 

Cable Lengths 

Maximum recommended cable length between the controller 
and the first drive is nine (9) feet. Cables between drives in a 
daisy chain system should not exceed six (6) feet in length. One 
nine (9) foot cable, between the second and third disk drive, 
would be permissable where the drives are located in separate 
cabinets. The total cable run in a daisy chain configuration should 
not exceed 30 feet. 

4.4 TERMINATING RESISTORS 

The signal lines carrying pulses transmitted by any disk drive 
will cause reflection on both ends of the cable if the cable is not 
properly terminated. Figure 4-6 shows two waveshapes taken on 
the terminated end of a cable when the other end was left 
unterminated. The negative going leading edge is not affected 
significantly, and can be used as an input to logic circuits if 
properly handled. The trailing edge, however, is determined by 
the tinro duration of the pulse, and the length of the cable. Those 
lines carrying signals of short duration should always be termi- 
nated on both ends. No satisfactory system performance can be 
achieved, even with relatively short cable lengths, if the signal 
lines are not properly terminated on both ends. 
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Figure 4-6. Waveshapes 

A typical circuit for termination of the cables is shown in 
Figure 4-7. Cable terminators matched to Diablo supplied flat 
cable are available. 

4.5 DOUBLE FREQUENCY RECORDING 

In double frequency recording, a clock bit is recorded at the 
beginning of each "bit cell time". Recording a clock bit in each 
bit cell time results in the read back data being self-clocking. 

To write a series of logical zeros, only the clock bit is recorded 
at the beginning of each bit cell time. To record a "one" bit, a 
flux reversal, or bit, is inserted in the center of a bit cell time. To 
write a series of ones, a clock bit and a data bit will be recorded 
in each bit cell time. It then can be seen the frequency of bits for 
a series of ones is twice the frequency for a series of zeros. Hence 
the method is called Double Frequency Recording. 



Figure 4-8 shows the bit and time relationship for recording 
and reading back a data bit series of "0-0-0-1-0-1-1-1". Nominal 
pulse width for the system in 100 ns. 

Multiplexed data and clock pulses are sent to the drive on one 
line; each pulse received on the line results in one current and 
flux reversal. 

In standard Series 40 drives, the read signal's data and clock 
pulses are sent to the controller on separate interface lines. With 
the Unseparated Data Option, the combined data and clock 
pulses are forwarded to the controller on the READ DATA line 
only. 

4.6 DISK FORMAT 

Prior to consideration of the disk format information in this 
paragraph, the reader should become familiar with the basic 
functioning of the disk drive, as described in Section 5. 

Details for the field shown in Figure 4-9 are as follows: 

PREAMBLE 1 — all clock bits. Allows for differences in index 
transducers, alignment cartridge differences, synchronization of 
data separation circuits, and read amplifier recovery time. There 
is an overlap of these tolerances within system considerations. 



03, 



03, 



SYNC 1 — a known bit pattern {typically ^■iio\ or u^cig)) 
detected within the controller and used to allow gating following 
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Figure 4-8. Double Frequency Recording 



Figure 4-7. Daisy Chain and Terminator 



pulses into the using system. The amount of preamble read is 
variable, because of tolerance. The detection of the SYNC-1 field 
is required to signal the end of PREAMBLE-I. 

HEADER — This field is typically recorded with the cylinder, 
head, and sector address located beneath the R/W heads. This 
field is generally compared with the address to which the heads 
were addressed by the controller to insure the seek operation was 
successfully completed. This field might also contain masking bits 
to indicate track surface condition. 

CHECK SUM 1 - a check character developed within the 
controller during the write cycle and recorded on the disk. This 
check character is compared with the character developed within 
the controller during the read cycle to insure that the preceeding 
field was read accurately. 

PREAMBLE 2 - all clock bits. This is an optional field that is 
used as a preamble to the data field. It is used in system 
applications when a virgin disk surface is initialized (to write all 



headers) only on the first pass. On subsequent data write 
operations the header field is not rewritten. When this gap is not 
used, the header and data field are rewritten during subsequent 
data write operations. 

SYNC 2 - a field required to signal the end of PREAMBLE-2, 
and the beginning of meaningful data (typically 03#g> or 
03(16,). 

DATA FIELD — the data recorded to be transferred. 

CHECK SUM 2 - a check character developed within the 
controller during the write cycle and recorded on the disk. This 
check character is compared with the character developed within 
the controller during the read cycle to insure that the preceding 
field was read accurately. 

POST AMBLE — all clock bits recorded until the following sector 
mark is detected. The postamble allows for write/erase gap 
placement, disk rotation speed, and write clock frequency varia- 
tions. 
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To summarize, typical write format, write data and read 
operations are described below. Table 4-6 and Figure 4-9 should 
be used as references with the following explanations. 

1. Typical Write Format operation. 

a. Detect leading edge of sector mark "0". 

b. Enable Write/Erase Gate. 

c. Write Preamble 1 (zeros pattern). 

d. Write Sync 1, typically 03^g or 03g. 

e. Write Header and Check Sum 1. 

f. Write Preamble 2, Zeros pattern. 

g. Write Sync 2, Data Field and Check Sum 2. Typically a 
zero's pattern or Header/Check Sum 1 information will 
be written in the Data Field during format operations. 
Sync 2 is typically 03ig or OSg. 

h. Write Postamble, zero's pattern until the leading edge 
of the next sector mark is detected. 

i. During format operations Write/Erase Gate would not 
be disabled until the last sector of that particular track 
is formatted. Each sector would follow the same 
format, with only Header and Check Sum 1 informa- 
tion changing. This same track should be read on the 
next revolution to verify a proper formatting opera- 
tion. Timing considerations would be identical to a 
Read Data operation. 

2. Typical Write Data operation. 

a. Detect the leading edge of the desired sector mark. 

b. Wait for one-half of Preamble 1 and enable Read Gate. 

c. Read zero's preamble to synchronize data separator 
circuit. 

d. Read Sync 1 and Header/Check Sum 1 to verify that 
the correct sector has been found. 

e. Disable Read Gate after last bit of Check Sum 1. 

f. Wait one byte/word time, then enable Write/Erase 
Gate. 

g. Write Preamble 2, Zero's pattern, 
h. Write Sync 2. 

i. Write Data Field/Check Sum 2. 

j. Disable Write/Erase Gate at the leading edge of the 
next sector mark. 



Typical Read operation. 

a. Detect the leading edge of the desired sector mark. 

b. Wait for one-half of Preamble 1 and enable Read Gate. 

c. Read zero's preamble to synchronize Data Separator 
circuit. 

d. Read Sync 1, Header/Check Sum 1 to verify that the 
correct sector has been found. 

e. Disable Read Gate after last bit of Check Sum 1 . 

f. Wait for one-half of PreamWe 2, then enable Read 
Gate. 

g. Read zero's preamble to sync Data Separator circuit, 
h. Read Sync 2, Data Field/Check Sum 2. 

i. Disable Read Gate. 



Each track on the disk is divided into a number of sectors of 
equal length, as shown in Figure 4-9. This is accomplished by 
means of slots on the disk hub, or electronically in the using 
system. The time between index marks is equal to the time of one 
disk revolution. This is nominally 25ms (40ms for 1500 rpm 
units). The time duration of each sector is then the time between 
index marks divided by the number of sectors. If the disk 
rotation speed varies, the sector time varies by the same percent- 
age. The spindle motor speed tolerance is ± 2% (+ 1% for 1500 
rpm units), and the sector time can therefore vary by this 
amount. Other manufacturing and adjustment tolerances also 
affect sector time. 

Formatting of the disk is the organized placement of data 
zones and guard zones in each sector, the placement of clock 
pulses and/or data pulses within these zones. The data zones are 
those areas within each sector where data is to be recorded or 
read. To provide disk interchangeability and reliable read recov- 
ery of data, these data zones must contain a constant number of 
data cells, even in the presence of disk speed variation and other 
tolerances described below. The guard zones are variable in 
length, and ensure a constant number of data cells in each data 
zone by absorbing variations in sector time. 

Each guard zone is a series of recorded clock pulses. The guard 
zone is recorded at the beginning and ending of each data zone, 
and is normally defined as a preamble (when at the beginning of 
the data zone) and as a postamble (when at the end of the data 
zone). The length of each guard zone must be adequate to allow 
for a reliable reading of each data zone even under worst-case 
conditions of tolerances. Each data zone typically contains 
synchronizing, header, data, and check information. A guard zone 
and a data zone are defined as a sector, and typically are recorded 
by a combination of hardware and software control. When sector 
slots on the disk hub are used, a sector mark format method is 
commonly employed. Sector mark formatting is explained in 
paragraph 4.6.1 below. When only the index slot is on the disk 
hub, it is common to use address mark format. The address mark 
is a unique recorded pattern on the disk which is detected by the 
RAW heads. It serves the same function as the sector slots. 
Address mark format is explained in paragraph 4.6.2. 

4.6.1 Sector Mark Format 

A typical sector mark format is shown in Figure 4-9 for an 
eight-sector disk. Typical field size for sector mark format is 
shown in Table 4-5 for the common numbers of sectors. 

As previously explained, the preamble and postamble are 
required to absorb system tolerances, so that the data field will be 
constant. Factors contributing to the required allowance for 
system tolerances include physical separation of the erase and 
write coils, variation in the spacing of sector slots, alignment of 
the index transducers, sector jitter, alignment cartridge variance, 
disk rotational speed variations, write dock frequency, read 
amplifier recovery time, and variations in the transducers and 
their associated circuitry. 



TOP VIEW OF DISK 



1) SHADED AREAS INDICATE 
GUARD ZONES. 

2) SOLID LINE IN GUARD ZONE 
N Die AXES SECTOR MARK. 




* Enable should be aelayed 1 byte/word time from last bit of Checi< Sum 1. 

** Read gate should be enabled Vt. way through the Preamble area. This insures 
reading a zero field for data separator synchronization. 



Figure 4-9. Typical Sector Format 
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Table 4-5. 
Field Size 
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Table 4-6 shows some nominal values of typical system 
tolerances. The format shown in Figure 4-9 using the time per 
field shown in Table 4-5 will allow for these variations with a 
reasonable margin for safety. 

4.6.2 Address Mark Format l^c( I'S^P 

When the Address Mark Format is used, sector slots on the 
disk hub are not used. Instead, an address mark is recorded in 
each sector. The address mark serves the same purpose as the 
SECTOR MARKS described in 4.6.1. This format is characterized 
by missing clock pulses in the address mark word, and is used 
with a Series 40 having the Unseparated Data or VFO Options. In 
this case, the system tolerances affecting disk interchangeability, 
which are described in 4.6.1, are accounted for in the gaps. Figure 
4-10 shows the address mark format. 

The format is written while preparing or testing a new disk. 
Data recorded during subsequent write data operations is written 
only between gaps 3 and 4. 

A write format command will always write the entire track 
and will always start at the index. Two bytes of "F2" with 2 
clock bits missing are recorded for Address Marks. Refer to 



Figure 4-11. Cyclic code and bit count appendage characters are 
written at the end of an I.D. and Data Field. A read verify 
command, which checks the cyclic code and bit-count appendage 
characters, is used to check for write errors after the Write 
Format command. 

Table 4-6. 
Typical System Tolerances 



Item 


Maximum Sector Time 
Reduction in microseconds 


2400 rpm 


1500 rpm 


Sector Slot Placement 
Transducer Differences 
Transducer Alignment 
Alignment Cartridge 

Differences 
Write/Erase Gap Placement 
Disk Rotation Speed 
Data Separator Circuit 
Read Amp Recovery Time 
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INDEX — Starting point for every track. Derived from physical slot on disk hub. 
Gap 1 - (nominal 260 us) 40 bytes of "1's" followed by 7 bytes of "O's". Only 

after INDEX. 

Address Mark - Two bytes of hex F2 with missing clock pulses. Refer to Figure 4-1 1 . 
Gap 2 — Sync character — Hex OE. Nominal 5.12 us. 

I.D. — Six bytes total. 1 flag byte, 2 address bytes, and 3 bytes of check characters. 
Gap 3-10 bytes of all "Vs", 4 bytes of "O's" and 1 byte Sync character Hex OE. 
Data — 256 bytes of data and 3 bytes of check characters. 
Gap 4-28 bytes of "1's" and 7 bytes of "O's". 
Gap 5 - all "I's" until INDEX detected. Only recorded after Sector 23. 

Identifier field explanation. 

Flag Byte - Bits - 5 not used 

Track condition is indicated in bits 6 and 7. 

= Good track 

1 = Defective track 

1 = Alternate track 

1 1 = Defective alternate track 

Address Bytes - Byte 1, Bits 7 contain the binary number of the cylinder {0 to 203) 
Byte 2, Sector Address 

Bit is head number = upper surface 
1 = lower surface 
Bits 1-5 are sector address 

to 23 = upper surface 
32 to 55 = lower surface 
Bits 6-7 are not used should be "O's" 

Check characters — Bytes 1 and 2 are Cyclic Check Character. 
Byte 3 is Bit Count Appendage. 



Figure 4-10. Address Mark Format 
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4.6.2.1 Data Write 

A typical data write operation on a formatted disk would 
proceed as follows: 

1 . Seek to desired track. 

2. Read for address mark. 

3. Detect address mark and Sync Character. 

4. Compare Identified field with desired address. 

5. Six byte times after desired address had been located write 
four bytes of F.F., four bytes of 00 and sync character 
(O.E.). 

6. Write Data field of 256 data bytes with cyclic check and 
bit count appendage. 

7. Terminate write operation at end of bit count appendage. 

4.6.2.2 Data Read 

A typical data read operation on a formatted disk would 
proceed as follows: 

1. Seek to desired track. 

2. Read for address mark. 

3. Detect address mark and Sync Character. 

4. Compare Identifier field with desired address. 

5. Detect Sync Character after desired Identifier, at end of 
gap 3. 

6. Read data field of 256 data bytes with cyclic check and bit 
count appendage. 

7. Terminate read operation at end of bit count appendage. 

4.7 TYPICAL SIGNAL TIMING AT THE INTERFACE 

Figure 4-12 shows the timing relationship at the interface for 
a typical write and read sequence using the single sector format 
described in 4.6.2. In the following description the terms "input" 
and "output" refer to input to, and output from, the disk drive. 

Assuming that the disk drive is in the run mode, and that the 
start-up cycle ts complete, a FILE SELECT true input at time t^ 
establishes a file ready condition. The FILE READY output goes 
true when the disk drive is selected. 

At this time the controller selects the upper head of the lower 
disk by making the HEAD SELECT and DISK SELECT input 



lines low and high, respectively. These lines could have been set 
up prior to time Xq, but have no internal effect until the FILE 
SELECT line goes true. 

Since the disk drive is now ready and no seek is taking place, 
the READY TO S/R/W output goes true. The disk drive can now 
accept any valid command to seek, read, or write. At time ti the 
appropriate Track Address Lines corresponding to the desired 
track go low. These are shown collectively in the figure, rather 
than showing all nine track address inputs separately. When the 
Track Address Lines have settled, at time t^, the STROBE input 
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Figure 4-11. Address Marks 
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Figure 4-12. Typical System Timing 
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goes low. The appropriate Track Address Lines must remain low 
during the Strobe Pulse. About 500 nanoseconds after the leading 
edge of the Strobe Pulse, the ADDRESS ACKNOWLEDGE 
output goes true indicating that the command to move the heads 
to a specific cylinder address has been accepted, and that seek has 
commenced. Since a seek is in process, the READY TO S/R/W 
output goes false. This occurs at time t2, which is within Ijus after 
the leading edge of the Strobe Pulse. At time t^, the heads have 
settled at the desired cylinder address, and the disk drive is now 
ready to read, write, or seek to another address. This is indicated 
by the READY TO S/R/W output going true. In our example, the 
controller now makes the READ GATE input true, so that the 
address mark can be read prior to writing (see 4.6.2 item 2). The 
read gate could have been made true prior to time t^, but the 
internal read circuitry of the disk drive will not accept a read 
command unless READY TO S/R/W is true. 

When the desired address is reached, at time tg, the controller 
sets READ GATE false, and WRITE GATE and ERASE GATE 
true. Multiplexed data and clock pulses are now furnished by the 
controller to the WRITE DATA AND CLOCK input. (Write data, 
read data, and clock pulses are not shown in Figure 4-12). 

Writing continues until time tg. Since the intervals between 
time tg and time tg, and between time t,^ and t^2 ^'^^ several 
hundred times larger than other intervals shown, they are not 
drawn to scale. 

At time ty the controller selects a different disk and head, and 
codes a new address on the Track Address Lines. In our example, 
the controller has commanded an invalid address (greater than 
203 for 100 tpi drives, or greater than 407 for 200 tpi drives), 
and the LOGICAL ADDRESS INTERLOCK output informs the 
controller of this fact by going true. The ADDRESS ACKNOWL- 
EDGE output remains false. READY TO S/R/W remains true, 
indicating that the drive is ready to accept a valid address. 

At time tg the controller codes a valid address onto the disk 
drive's TRACK ADDRESS LINES. Application of the STROBE 
starts the seek operation and at time tin READY TO S/R/W goes 



false, ADDRESS ACKNOWLEDGE goes true, and the LOGICAL 
ADDRESS INTERLOCK is reset. When the heads have settled at 
time til, READY TO S/R/W goes true and a read operation is 
commenced. 

After the read operation is completed a new seek is started at 
time t.|2- In our example, some malfunction causes an incomplete 
seek, and the SEEK INCOMPLETE output goes true. The 
controller then places a low on the RESTORE input at timet^^. 
The subsequent STROBE input causes the heads to drive to track 
zero, where they are ready for another seek command at time 
t^g. Figure 4-12 shows another write operation at time tig. 

4.8 VFO SEPARATOR OPTION 

The VFO option can be used either in the standard configura- 
tion (address mark format) or with the sector-mark option 
installed. In performing the data/clock separation function the 
VFO provides the following features: 

1. Generates a clock signal that is synchronized to the read 
data. 

2. Removes most of the jitter caused by pulse crowding and 
spindle speed variations. 

3. Provides increased timing tolerances over the standard 
single-shot separator. 

4. Provides missing clock bits for single-sector (Address Mark) 
format systems. 

The VFO consists of a phase-locked loop and a data separator. 
The phase-locked loop provides a stable clock signal which is used 
to generate a data gate. The data pulse is aligned within this gate. 
In order to accommodate any synchronizing pattern, a High-gain 
Control circuit is included to increase loop gain. This circuit 
provides the high gain gate for 20iUs after the start of VFO 
CLOCK. Phase lock and frequency correction of the phase-locked 
loop are accomplished during the high-gain gate. It should be 
emphasized that this phase locking and frequency correction 20jus 
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Figure 4-13. VFO Timing Chart 



after VFO clock starts applies only to the phase-locked loop. 
Subsequent to this, the single-sector data separator must be 
phased correctly, as later described. 

The VFO is turned on and synchronized with the file data by 
a start-lock control circuit. This insures phase lock within one bit 
cell time. The remaining lock-in time is used to correct frequency. 
Turn on of the VFO is controlled by the READ GATE. When 
READ GATE goes true, the start/lock control circuit turns on the 
VFO when the next file data bit occurs. 

One of two different data separators is used with the VFO, 
depending on whether single-sector or sector-mark format is being 
used. Additional circuitry is required for the single-sector format 
due to the all-bit synchronizing pattern. With this type of 



synchronizing pattern the data separator may be phased incor- 
rectly, since it cannot distinguish a data bit from a clock bit. The 
circuitry which corrects the phasing of the data separator is 
labeled Zeros Detector. This circuitry looks for any eight consec- 
utive zeros. Once these zeros are found any place in the format 
(after the high-gain gate), the data separator is phased correctly 
and data is then gated out to the using system. 

It should be noted that the VFO will not detect an Address 
Mark. The missing clocks will appear on the Interface, and it is 
the user's responsibility to detect the Address Marks. The VFO 
will guarantee good data on the Interface. Figure 4-13 shows 
typical timing. Output line drivers for the READ DATA and 
READ CLOCK lines are as shown in Figure 4-3. 
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SECTION 5 
PRINCIPLES OF OPERATION 

5.1 BASIC DISK DRIVE OPERATION 

The circuits in the Series 40 Disk Drive can be divided into 6 
functional groups. These groupings contain the circuits necessary 
to: rotate the disl<s at the proper speed; select the desired disk 
surface and head; position the heads over the proper disk cylinder 
address (location); write data; read data; and perform miscella- 
neous control and indication functions. Refer to Figure 5-1 for 
Block Diagram description. 

5.1.1 Disk Rotation 

The spindle assembly, with integral two-phase induction 
motor, rotates the disks at 2400 rpm (or optional 1500 rpm). 
One disk (lower) is permanently fixed to the spindle shaft, while 
the other disk (upper) is contained in a type 5440 removeable 
disk cartridge. The removeable disk is held to the spindle 
assembly during operation by a magnetic ring. Spindle speed is 
maintained within ± 2% by means of a crystal-controlled 2 mHz 
oscillator whose output is divided, shaped, and split into two 80 
Hz (50 Hz for 1500 rpm) square waves, 90° out of phase with 
each other. These square waves are amplified and applied as 
driving power to the spindle motor. Since the spindle motor is 
very lightly loaded, it runs at its approximately synchronous 
speed of 2400 rpm (or 1500 rpm). 

5.1.2 Surface (Head) Selection 

Each disk surface has its corresponding read/write head. The 
surface-select logic receives DISK SELECT and HEAD SELECT 
signals from the controller which together enable the designated 
head. 

5.1.3 Head Loading and Positioning 

Head loading refers to the positioning of the read/write heads 
at the proper distance from the recording surface, as shown in 
Figure 5-2. In the Series 40, this distance is 2 microns (80 
microinches). When loaded, the heads can then be moved to the 
proper address on the disk surface as explained in the following 
paragraph. The heads are loaded by a solenoid-operated mecha- 
nism, and are maintained there by spring pressure. Initial loading 
of the heads is controlled by start-up logic, and occurs when the 
disk reaches 90% of its normal rotational speed. The heads are 
unloaded if a power failure occurs, or if disk rotation drops below 
normal. 

5.1.4 Cylinder and Traclt Addresses 

The heads are mounted on arms, which in turn are mounted 
on a head carriage. The carriage moves the heads radially from the 
disk periphery toward its center. With the disk rotating and the 
head stationary, the position of the head describes a circular track 



on the disk surface, as shown in Figure 5-3. During a write 
operation, this track is magnetically recorded on the disk surface. 
The track consists of data signals and other signals which allow 
the accurate recording, retrieval, and identification of data as 
explained in Section 4 of this manual. 

Similarly, the head can be positioned over a recorded track 
during a read operation. It can be seen from the representation in 
Figure 5-1 that there are four tracks, and that these tracks are in 
line vertically. The four circular tracks together describe a 
cylinder. If the head carriage moves in toward the center of the 
disks, a smaller cylinder is described by the four tracks. The 
position of the carriage, then, is referred to as the cylinder 
address. The combination of the cylinder address, disk select 
signal, and head select signal constitutes the track address. 
However, since the address logic in the Series 40 is used to 
position the head carriage, the term "address" is used in this 
manual to mean cylinder address. 

Referring again to Figure 5-1, the head positioner servo 
system compares the latest address command with the current 
cylinder address, and supplies an error signal to the head carriage 
drive if these two addresses do not correspond. The polarity of 
this error signal controls direction of head movement. The 
magnitude of the error signal depends on the distance the head 
must move, and decreases as the proper address is approached. 

The new address register receives the required address from the 
controller in a 8-bit binary form (9-bit for 200 tpi). When a new 
address is strobed into the address register, an address acknowl- 
edge pulse is issued. As a linear motor moves the head carriage, 
each cylinder centerline is detected by the head positioner 
transducer. An up/down counter in the head positioner servo 
system is adjusted with each of these centerline detections. As the 
up/down counter is adjusted, it changes instructions to the servo 
circuitry, so that the error signal to the drive varies, and the 
carriage will slow down as the correct address is approached. 

If an invalid address is received from the controller, a logic 
address interlock is generated in place of an address acknowledge. 

5.1.5 Writing 

The layout of a read/write head is shown in Figure 5-4. The air 
holes provide the aerodynamic characteristics necessary for the 
heads to maintain their proper flying position when loaded. Each 
head assembly contains three separate precisely mounted coils; 
i.e., two erase coils and one read/write coil. The erase coils limit 
the physical width of the data tracks on the disk surface. 

In a write operation, a single input line delivers multiplexed 
clock and data pulses; one complete pulse corresponding to each 
flux transition. The write circuits, activated by a write gate from 
the controller will allow current to pass through the write head 
and write one flux transition for each pulse. The erase coil, 
activated by an erase gate, will trim the written track to a 
nominal 0.0039" width (0.007" for 100 tpi drives). The read/ 
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Figure 5-1. Simplified Block Diagrann Series 40 Disk Drive 
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write circuits perform the amplification and signal conditioning 
necessary for the translation between interface data signal volt- 
ages and head currents. 

Certain conditions, if they occur, are likely to result in faulty 
or invalid data being recorded on the disk. These conditions are 
monitored and if they should occur, the write check interface line 
is made true and the CHECK indicator lamp is turned on. A write 
check condition will occur if the supplied voltage drops below the 
specified 5% or if certain write or erase current faults are present. 
A write or erase fault will be present, and the write check 
condition will be set, if write or erase current is flowing when the 
corresponding gate interface line is false, or if write or erase 
current is now flowing when the corresponding gate interface line 
is true. The other write check condition is a multiple head 
selection when the write or erase gate interface line is true. The 
write check condition caused by a voltage variation will last only 
for the duration of the faulty voltage. Any other write or erase 
fault will set an internal latch that is reset by the operator placing 
the LOAD/RUN switch in the LOAD position and then back to 
RUN. 



5.1.6 Reading 

The read circuitry is enabled by a read gate from the 
controller. The flux transitions on the disk surface induce head 
current pulses as they pass the head read/write coil. The read 
circuits amplify, shape, and separate these pulses into distinct 
clock and data pulse streams before delivering them to the 
interface lines. 

5.1.7 Control and Indication Functions 

5.1.7.1 Daisy Chain Operation 

The daisy chain feature allows the controller to select a 
particular disk drive in a system where more than one drive is 
used. By means of a jumper on the I/O Box, a disk drive can be 
designated as Unit 1, 2, 3, or 4. Figure 5-1 shows the jumper 
installed on a drive designated as Unit No. 3. All interface lines 
except attention on a Series 40 Drive are inactive until a select 
signal is applied to the proper select line. The attention-line 
jumper must correspond with the select-line jumper. 




Figure 5-3. Track Layout 



5.1.7.2 Start-Up Logic 

The start-up logic performs two basic functions; it controls 
operation of the equipment, including the brush cycle and head 
load operation, during the start-up cycle, and it also controls the 
operation of various interlocks used to protect data and equip- 
ment. When the disk drive is placed in the RUN mode, power is 
applied to the spindle motor, starting disk rotation, and a brush is 
passed over each disk surface to remove any contamination. The 
hub of each disk contains an index slot, which is sensed by a 
stationary transducer as the slot passes the transducer. The index 
mark outputs of the transducers, therefore, occur once per disk 
revolution. The frequency of the lower disk index mark is used 
by the start-up logic to determine when the spindle is rotating at 
the proper speed, after which time the heads can be loaded. The 
index mark of the selected disk is also furnished to the controller 
interface. 

The heads are retracted beyond the disk surface when power is 
initially applied or when the LOAD/RUN switch is in the LOAD 
position. The interlocks and safety devices controlled by the 
Start-up Logic minimize the possibility of accidental data loss, in 
routine operation or emergency shut-down. Interlocks are des- 
cribed in Paragraph 3.3. 

5.1.7.3 Write Protect Option 

The Write Protect Option is used to reduce the possibility of 
inadvertently writing over recorded information. The option 
consists of a backlighted momentary-contact front panel switch, 
an interface input command line, and an interface output status 
line. 

The Write Protect Option functions in the following manner. 
The disk drive, during its start-up cycle, sets write protect on. 
Write and erase circuits are now inhibited, the PROTECT switch 
glows red, and the write protect status line is true. If writing is to 
be performed, the operator must depress the front panel PRO- 
TECT switch to extinguish its light. This switch depression also 
resets an Intama! flip-flop that enables the writing process and the 
write protect status line is made false, indicating to the interface 
that the recording surfaces are no longer protected. 

Write protect status may be re-established at any time by a 
pulse on the write protect interface line. The write protect 
feature may be established or reset on the removable cartridge, 
the fixed disk, or all surfaces. This selection, by a provision on 
the Read/Write Amplifier PCB, is field changeable. 

5.1.8 Sector Counter Option 

In addition to the index slot described in 5.1.7.2, the 5440 
disk cartridge is also available with equally spaced sector slots cut 
around the periphery of the disk hub. The more common 
numbers of sector slots available are 8, 12, 16, 20, or 24. The 
fixed disk has 24 sector slots in addition to the index slot. The 
sector slots are sensed by the index transducers, and the resulting 
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Figure 5-4. Head Configuration 

sector marks are electronically separated from the index marks. 
With the Sector Counter Option installed, the sector marks from 
the selected disk are furnished to the controller interface and to a 
sector counter in the Series 40. The sector counter furnishes to 
the interface a 5-bit binary coded signal indicating which sector is 
currently passing under the R/W heads. The sector slots, there- 
fore, divide each track into a number of equal segments for disk 
formatting purposes as described in 4.6. The sectors for an 
8-sector disk are shown in Figure 5-5. For clarity, only one track 
is shown; its width is greatly exaggerated. 

5.2 FUNCTIONAL DESCRIPTION 

5.2.1 Location of Electronic Assemblies 

Electronic circuit boards are contained in five areas in the 
Series 40 as follows: 

1. Input/Output (I/O) Card Cage— this card cage accommo- 
dates six pluggable PCBs. Two circuit boards (RDR1 and 
RDR2) contain line drivers and line receivers, and are 
installed in all disk drives. A third slot holds either the 
Data/Clock Separator ID/CS) PCB in standard configura- 
tion disk drives, or the Variable Frequency Comparator 
(VFC) PCB if the VFO Option is installed. The remaining 
slots hold optional PCBs as follows: 

a. Sector Counter (SC) 

b. Variable Frequency Interface (VFI) or Variable Fre- 
quency Sector (VFS) 

c. Variable Frequency Oscillator (VFO) 

The I/O Card Cage also contains the I/O Mother Board, into 
which the PCBs listed above plug. The I/O Card Cage is 
attached to the rear of the left-hand slide assembly of the 
Series 40. 
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Figure 5-5. Disk Sector Layout 



2. Main Electronics Card Cage— this card cage contains tiie 
following pluggable PCBs: 

MOI - Spindle Drive (SD) 

M02- Oscillator (OR) 

IVI04 — Temperature Compensation (TC) (200 "tpi drives 

only) 

M05 — Sequence Logic (SL) 

M06 - Sensor (SR) 

M07 - Servo (SO) 

M08 - Address Logic 2 (AL2) 

M09 - Address Logic 1 (AL1) 

3. Read/Write (R/W) PCB-this circuit board is mounted in a 
sealed Data Channel Box above the head-positioner linear 
motor. 

4. Head Sink Assembly— this assembly consists of the Heat 
Sink (HS) PCB, the power transistor heat sink, and the 
Servo Inhibit (SI) PCB. The Heat Sink Assembly is mount- 
ed on the left side of the Main Electronics Card Cage. 

5. Panel Distributor PCB-this board is mounted on the rear of 
the front panel. 

5.2.2 Start-up and Interlock Logic 

5.2.2.1 Power-Off Condition 

With no power applied to the Series 40, the arawer interlock 
solenoid, the disk-pack safety solenoid, and the head-load sole- 
noid are deenergized. In the deenergized condition, the drawer 
interlock solenoid prevents the drawer from opening, and the 
disk-pack safety solenoid prevents the cartridge retaining clamps 
from opening and the head carriage from moving out of the fully 
retracted position. However, the cylinder location of the heads is 



undefined with power off since the head positioner requires 
power to hold the heads in position; previous maintenance 
operations may have left the heads extended. With the head-load 
solenoid deenergized, the heads are unloaded. 

If power was turned off during a previous start-up cycle while 
the disk cleaning brushes were over the disk surface, they will 
remain in that position until power is reapplied. 

5.2.2.2 Initial Power-On 

When power is first applied to the Series 40, the following 
functions occur: 

• voltage monitoring 

• initial reset (conditions circuitry for initial operation of the 
disk drive) 

• head and brushes retract 

• drawer unlock 

5.2.2.2.1 Voltage Monitoring 

The external power supply supplies +24 Vdc, —24 Vdc, and -i-5 
Vdc to the Series 40. Circuitry within the disk drive also requires 
-H5 Vdc and -15 Vdc, which are obtained from the 24V supply 
lines by means of a 6030 IC regulator circuit on the Heat Sink 
PCB. 

Some of the circuits in the Series 40 must be disabled 
whenever out-of-tolerance voltage exists. This occurs when power 
is first applied, but could also occur during operation if, for 
example, line voltage were to fall below certain limits. For this 
reason, the 24V, 15V, and 5V lines are monitored. The monitor 
circuitry also serves to initialize the Series 40 when power is first 
applied, in preparation for the receipt and proper execution of 
the first seek command. This is called initial reset. 



Figure 5-6 shows a functional representation of the voltage 
monitor, which is located on the Sensor PCB. When power is first 
applied to the Series 40, the voltage monitor senses an out-of- 
tolerance condition, and causes transistors B14 and B17 to 
remain cut off. Capacitor A27 charges to 5 volts. When all three 
supplies are within tolerance, B14 and B17 conduct, A27 dis- 
charges, and the waveform shown in Figure 5-6 is produced. If 
any of the voltages supplied to the monitor drop out of tolerance, 
B14 and B17 cut off, and the collector of B1.4 again goes high 
and relnains high during the out-of-tolerance condition. 

5.2.2.2.2 Initial Reset 

As shown in Figure 5-6, a positive signal is sent to the Initial 
Reset amplifier when power is first applied to the Series 40. A 
negative signal appears at the output, and is sent to the address 
logic circuits, the Sequence Logic PCB, and the Read/Write 
Amplifier PCB. It is also used to reset circuits on the Sensor and 
Sequence Logic PCBs. As previously stated, the purpose of the 
initial reset signal is to initialize the disk drive circuits in 
preparation for initial seek as explained later. 

In the event that the voltage monitor detects an out-of- 
tolerance condition, another initial reset signal is generated and 
held until the voltage is back in tolerance. 

On the Sensor PCB, the initial reset signal activates the spindle 
drive cutoff and servo hold, and resets the Servo Hold and Seek 
Incomplete F/F. It should be noted that this flip-flop is also reset 
by a RESTORE command. The purpose of spindle drive cut-off 



and servo hold is to ensure that the spindle motor and the linear 
motor are not driven during a period when voltage is out-of- 
tolerance. As shown in Figure 5-6, servo hold and seek incom- 
plete are also activated if a high-current condition in the linear 
motor is sensed. 

5.2.2.2.3 Head and Brushes Retract 

The initial reset signal is taken to the AL-1 PCB where it 
causes a "retract speed" signal and a "reverse direction" signal to 
be generated and sent to the AL-2 PCB. On AL-2, the "retract 
speed" signal disables all linear motor speeds except minimum 
and the "reverse direction" signal causes the linear motor to move 
in the retract direction. When the heads are fully retracted, a 
micro-switch on the Head Positioner Assembly removes the drive 
to the linear motor. 

Switches located near the disk cleaning brushes pivot-point are 
connected to toggle brush cycle flip-flops on the Sequence Logic 
PCB to indicate whether the brushes are retracted or are extend- 
ed. One output of these flip-flops is furnished to a NAND gate, 
together with an internally generated 60 Hz square wave which is 
present whenever power is applied to the Series 40. The output of 
the NAND gate is amplified and drives the brush motor. If the 
brushes are not fully retracted when power is first applied to the 
disk drive, the output of the flip-flop will furnish a high to the 
NAND gate, whose output will then be a 60 Hz square wave, 
driving the brush motor. When the brushes reach the full retract 
position, the brush switches toggle the flip-flop, and the brush 
motor stops. 
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Figure 5-6. Voltage Monitoring and Initial Reset 



5-3 



5.2.2.2.4 Drawer Unlock 

Retract switches located just in front of the linear motor are 
connected to toggle a flip-flop on the Sequence Logic PCB to 
indicate when the heads are fully retracted. The output of this 
flip-flop is furnished to a NAND gate, whose other input comes 
from one of the brush cycle flip-flops previously mentioned. The 
output of the NAND gate energizes the drawer unlock solenoid 
which, through mechanical linkage, lifts the drawer latches. It 
should be remembered that the preceding discussion refers only 
to the initial power-on stage; it will be seen later that other 
conditions are necessary to energize the drawer unlock solenoid 
when the disk drive is already in operation. 

5.2.2.3 Cartridge Loading 

With the drawer open, a cartridge can now be loaded. There is 
a disk-pack interlock switch which is open whenever a cartridge 
and Its top cover are installed in the bowl. This switch prevents 
loading of the heads when no cartridge is installed and also 
prevents movement of the brushes out of the fully retracted 
position. 

NOTE 
It does not prevent movement of the brushes into the fully 
retrac ted position. 



5.2.2.4 Start-up Sequence 

There is a drawer interlock switch which is closed whenever 
the equipment drawer is not fully shut. This switch is wired in 
parallel with the disk-pack interlock switch. Therefore, the 
drawer must be closed and the cartridge and dust cover must be 
in place before the brush motor, spindle drive, and head loading 
can be activated. 

Figure 5-7 is a simplified functional block diagram showing the 
start-up sequence from setting of the LOAD/RUN switch to the 
RUN position until generation of the FILE READY signal, at 
which time the drive can accept its first seek command. The 
following description is based on the assumption that the brushes 
and heads are fully retracted, that a disk cartridge and cover are 
installed, that the drawer is closed, that initial reset has occurred, 
and that the LOAD/RUN switch is in the LOAD position. 

The sequence of events can be summarized as follows: 

1. Set LOAD/RUN switch to RUN. 

2. Spindle drive motor energized; heads move to Track Zero; 
drawer locks; brush cycle starts. 

3. Spindle reaches 50% of rated speed; full current applied to 
spindle drive motor. 
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Figure 5-7. Start-Up and Interlock Logic 



4. Spindle reaches 86% of rated speed; head load enable F/F 
sets. 

5. Brush cycle completes, heads load. 

6. FILE READY signal is generated. 

The remainder of this subparagraph describes how the fore- 
going six events occur. 

Referring to Figure 5-7, the following conditions exist: 

• Completion of the previous brush cycle has reset Brush 
Cycle I F/F and Brush Cycle II F/F. 

' The heads-retracted switches have reset the Heads- 
Retracted F/F. The output is 'NANDed' at "G" with the 
output of the Brush Cycle I F/F to provide a -UNLOCK 
DRAWER signal to the Sensor PCB. It is there ANDed with 
several other interlock functions, to be described later, and 
energizes the drawer unlock solenoid. The low— DRAWER 
UNLOCK signal is also applied to a three-input NAND gate 
at "A", disabling the gate. 

• Initial reset has set the Load/Run F/F and reset the Spindle 
Drive F/F, as well as conditioned the Up-to-Speed F/F and 
the integrator circuitry. 

' The disk-pack interlock switch and the drawer interlock 
switch, together with the Heads Retracted F/F, have condi- 
tioned a three-input AND function at "A". 

When the LOAD/RUN switch is set to RUN, the Load/Run 
F/F is reset, which provides a third high to the AND function at 
"A". The Spindle Drive F/F is set. Its Q output is NANDed at 
"D" with the Q output of the Brush Cycle II F/F. The low 
output at "D" is gated through "C" and then gates the brush 
motor drive circuit. The other input to the brush motor drive 
circuit is a 60 Hz square wave generated by dividing the output of 
a crystal osciiiaior on the Osciiiator PCB. The output of the brush 
motor drive circuit is two 60 Hz square waves 180° out of phase 
with each other. They are fed to a sine-wave generator on the 
Heat Sink Assembly. The 60 Hz sine-wave output of the genera- 
tor drives the brush motor, and the brushes start their cleaning 
cycle over the disks. 

When the Spindle Drive F/F was set by the action of the 
LOAD/RUN switch, its Q"output was NANDed at "H" to provide 
the +SPINDLE DRIVE ON signal. This is fed to the Spindle Drive 
PCB where it applies power to the spindle drive motor, to be 
explained later. 

The -i-SPINDLE DRIVE ON signal is also sent to the Address 
Logic 1 PCB, where it initiates movement of the heads to Track 
at minimum speed, as later described. When the heads leave the 
fully retracted position, the Heads Retracted Switches set the 
Heads Retracted F/F, removing the -UNLOCK DRAWER signal. 



When the brushes started their cycle, the brush switches set 
the Brush Cycle I F/F and the Brush Cycle II F/F. The low Q 
output of the Brush Cycle I F/F maintains drive to the brush 
motor through the NOR function at "C". With either the Brush 
Cycle I F/F or the Heads Retracted FF set and providing low 
signals to the NAND function at "G", drive to the Drawer Unlock 
Solenoid is removed, and the drawer is locked. It can be seen that 
the drawer cannot be unlocked while either the head or brushes 
are out of the full retract position. 

As the brushes complete their cycle, the Brush Cycle I F/F and 
the Brush Cycle II F/F are reset, removing the drive to the brush 
motor through the NAND function at "C". 

With the spindle rotating, index marks are fed to integrator 
circuitry on the Sequence Logic PCB. When the spindle reaches 
approximately 50% of its designed speed, the frequency of the 
index marks is sufficient to cause the integrator circuit output to 
trigger one section of the Up-to-Speed F/F. One output of the 
Up-to-Speed F/F is the -i-SPEED OK signal. This is sent to the 
Spindle Drive PCB, where it enables full current input to the 
spindle drive motor, bringing it to full rated speed. 

Another output of the Up-to-Speed F/F is triggered by the 
integrator when the spindle reaches approximately 90% of its 
designed speed. It is at this speed that the heads can be safely 
loaded. This signal is sent to a three-input NAND gate function 
shown at "E". Meanwhile, the heads have moved to Track 0. A 
shutter on the head carriage prevents the light from a light- 
emitting diode from falling on a photosensor when the heads are 
over the disk. The output of photo sensor, amplified and gated on 
the Sensor PCB, produces a -hHEADS OVER DISK signal. This 
provides another input to the NAND function at "E" in Figure 
5-7. The third input to the gate was furnished when the Brush 
Cycle I F/F was reset by the brushes reaching the fully retracted 
position. The output is ANDed at "B" with the output of the 
Brush Cycle II F/F. The output at "E" furnishes the -HEAD 
LOAD ENABLE signal and also triggers the Head Load One-Shot, 
whose output is the 700 ms -i-HEAD LOAD PICK signal. The 
-HEAD LOAD ENABLE signal and the +HEAD LOAD PICK 
signal are sent to the Heat Sink Assembly where they drive the 
transistors which energize the Head Load Solenoid. The pick 
signal pulls the solenoid in with a 48-volt pulse, while the enable 
signal maintains the energized condition with 24 volts. 

An output of the Head Load One-Shot is also ANDed with the 
-HEAD LOAD ENABLE signal at "F". The "F" output condi- 
tions the Heads Loaded Signal F/F, so that the next index pulse 
will cause the -^HEADS LOADED signal. In addition to maintain- 
ing the -HSPINDLE DRIVE ON signal at "H", the +HEADS 
LOADED signal is sent to the R/W Amplifier PCB, where it is 
ANDed with the NOT WRITE CHECK signal. The NOT WRITE 
CHECK signal is present in the absence of certain write faults 
later described. 

The FILE READY signal is sent to the interface to inform the 
controller that the disk drive is ready for its first seek command. 
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Figure 5-8. Spindle Drive Signals 

FILE READY is maintained as long as heads are loaded and there 
is no write check. Fl LE READY is also sent to the Address Logic 
2 PCB and the Sensor PCB as explained later. 

5.2.3 Spindle Drive and Speed Control 

Drive signals for the spindle drive motor originate on the 
Oscillator PCB, where a 1.92 MHz crystal-controlled oscillator 
operates whenever power is applied to the Series 40. The output 
of the oscillator is divided into two 80 Hz square waves (50 Hz 
for 1500 rpm drives) which are 90° out of phase referred to as 
Phase 1 and Phase 2. These square waves are sent to the Spindle 
Drive PCB, where an inversion of each phase is also developed. 
These four signals are shown in their proper phase relationship in 
Figure 5-8. When properly gated on the Spindle Drive PCB as 
explained in this paragraph, these four signals drive two push-pull 
type power amplifiers on the Heat Sink Assembly. The output of 
each amplifier drives one phase of the two-phase spindle drive 
motor. 

Figure 5-9 is a simplified functional block diagram showing the 
sequence of operation of the spindle drive and speed control 
circuits from setting of the LOAD/RUN Switch to the RUN 
position, through the spindle up-to-rated-speed condition, until 
stopping of the spindle after placing the disk drive back in the 
LOAD mode. 

The sequence of events can be summarized as follows: 

1. Set LOAD/RUN switch to RUN; -hSPINDLE DRIVE ON 
goes high. 

2. Outputs of the four phase amplifiers are enabled; Speed 
Sense F/F and Phase 1 F/F are set; Phase 1 and Phase 2 
signals from Oscillator PCB are gated to the four phase 
amplifiers; Spindle Drive Motor starts rotation. 

3. SPEED OK signal from Sequence Logic PCB allows motor 
to draw full current; spindle comes up to rated speed. 

4. Set LOAD/RUN switch to LOAD; -t-SPINDLE DRIVE ON 
goes low; output of Phase 2 amplifiers grounded, grounding 
Phase 2 motor winding. 
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Figure 5-9. Spindle Drive Speed Control 



5. Speed Sense F/F grounds Phase IB output and keeps Phase 
1A output high, braking the motor to stop in approxi- 
mately 15 seconds. 

6. When motor stops, Speed Sense F/F grounds outputs of 
Phase 1 amplifiers. 

The remainder of this subparagraph describes how these six 
events occur. Where a signal or power frequency of 80 Hz is 
reffered to, a frequency of 50 Hz applies for 1500 rpm disk 
drives. 

Referring to Figure 5-9, the following conditions exist with 
power on and the disk drive in the LOAD mode: 

• The -INITIAL RESET line is high 



• PHASE 1 and PHASE 2 80 Hz square waves are present at 
the Input of the Spindle Drive PCB 

• The +SPINDLE DRIVE ON line is low 

• The outputs of the four phase amplifiers are grounded. 

When the disk drive is placed in the RUN mode, -i-SPINDLE 
DRIVE ON goes high, as described in 5 2.2,4. This is gated at 
"A" and again at "D" to remove the grounds from the four 
amplifier outputs. The output at "A" also gates the Phase 2 
square wave through "B", driving the Phase 2B and Phase 2A 
amplifiers. These in turn drive the Phase 2 Power Amplifier on 
the Heat Sink Assembly, energizing the Phase 2 winding of the 
motor. 



Meanwhile, the output of the AND function at "A" has reset 
the Phase 1 F/F, conditioning one input of a three-input AND 
function at "F". Another input was conditioned by the 
-HSPINDLE DRIVE ON signal gated through "E". Phase 1 square 
waves are now gated through "F" and "C" to the Phase 1 
amplifiers. With both windings energized, the Spindle Drive 
Motor begins rotating. 

When the motor has reached approximately 50% of its rated 
speed, the -i-SPEED OK signal is generated as described previ- 
ously. This signal is gated to the Spindle Motor Current Control 
circuitry where a ground is furnished to two Triac switches on the 
Heat Sink Assembly. For clarity, only the Triac for Phase 1 is 
shown. The Triacs fire, bypassing resistances in the motor 
winding leads. The motor now operates on full current and 
attains its rated speed. 

When the LOAD/RUN switch is set to the LOAD position, 
-HSPINDLE DRIVE ON goes low. Through gate functions "A" 
and "B" in Figure 5-9, drive to the Phase 2 amplifiers is removed, 
and their outputs are grounded. The outputs of the Phase 1 
amplifiers are not immediately grounded since a high output at 
OR function "D" is maintained by a high input from the Speed 
Sense F/F. This F/F also maintains a high input to the "F"gate 
through "E". Removal of the +SPINDLE DRIVE ON signal has 
removed the force reset of the Phase 1 F/F, which is a two- 
section F/F. To insure that the triacs are off prior to initiation of 
the braking mode, the Phase 1 F/F counts two Phase 1 pulses 
before removing its high input to "F". The Phase 1 amplifiers 
now go into the braking mode with Phase IB output low and 
Phase 1A output high. This passes a DC current through the Phase 
1 motor winding which acts as a brake. The motor stops in about 
1 5 seconds. 



As the motor decelerates, the SPEED SENSE signal decreases. 
As the motor approaches a complete stop, SPEED SENSE drops 
to zero, and the Speed Sense F/F toggles. This removes the drive 
to the Phase IB amplifier through "C", and grounds the output 
of the Phase 1 amplifiers through "D". 

5.2.4 Servo System 

The servo system has two modes of operation, speed control 
mode and detent mode. It operates in the speed control mode 
during head positioning operations and in the detent mode when 
the heads are held stationary between positioning operations. 

When the servo is in the speed control mode, it provides 
controlled drive current to the head positioning motor. The 
amount of drive current supplied determines head velocity. The 
drive current's polarity determines the direction of head motion. 

When operating in the detent mode, the servo system provides 
current to the motor as required to counter any drift or forced 
movement of the heads away from the detent position. 

In either mode, the motor drive current is controlled by an 
analog signal generated by the sejvo system. This control signal, 
designated Servo Drive Signal, operates as an error voltage. Its 
amplitude and polarity represent deviations of the heads from 
specified velocity or position conditions. 

During head positioning operations (speed control mode) the 
positive or negative amplitude of Servo Drive Signal represents 
the difference between desired head velocity and actual head 
velocity. The signal's polarity specifies the direction of head 
motion. This difference is translated into motor drive current of a 
value and polarity necessary to bring the actual velocity to the 
specified level. 

Actual head velocity will be less than desired velocity during 
the acceleration stage of a head positioning operation. On longer 
seeks, when actual head velocity reaches the maximum specified 
velocity. Servo Drive Signal returns to zero potential, the drive 
current is removed and the heads positioner coasts. As friction 
reduces positioner velocity to below the specified level, the 
positive or negative amplitude of Servo Drive Signal increases 
sufficiently to bring the velocity back to the desired level. 

As the heads approach the destination cylinder, the velocity 
requirement is reduced by increments. At each reduction, the 
specified head velocity drops below the actual head velocity. At 
those times. Servo Drive Signal increases in amplitude, with a 
polarity opposite to the one used for acceleration. This causes the 
motor drive current to act as a brake, decelerating the heads until 
their velocity equals the new target velocity. 

Figure 5-10 provides a conceptual graph of actual versus 
specified velocity curves for a 10-cylinder seek. These curves do 
not represent any actual signals. The desired velocity curve for 
any given seek is determined by cylinder addressing control logic 
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on AL1 and AL2 circuit boards. This logic is discussed in Sections 
5.2.5, 5.3.14 and 5.3.15. 

In the detent mode, any movement of the heads away from 
the detent position causes the amplitude of SERVO DRIVE 
SIGNAL to become more positive or more negative, depending 
on the direction of head motion. The resulting potential produces 
a motor drive current that acts to counter the undesirable head 
motion and brings the heads back to the detent position. 

SERVO DRIVE SIGNAL is produced by summing the voltage 
levels of two analog signals. This summing junction is illustrated 
in Figure 5-11. 

One input to the summing junction is the speed control term. 
Its amplitude represents the velocity at which the heads should be 
moving and its polarity specifies the direction of motion. The 
other input is the feedback term. Its amplitude represents actual 
head velocity and its polarity indicates the complement of the 
direction the heads are moving. 

The polarities of the two summing junction input terms are 
both determined by direction information supplied by the head 
position transducer. Servo system logic assures that the two terms 
always have opposite polarities. 

Since the amplitudes of the two summing junction inputs are 
not directly related, they have different values at different stages 
of a head positioning operation. During the acceleration stage, the 
speed controller term's amplitude exceeds the amplitude of the 
feedback term. During deceleration, each time the velocity 
requirement is incrementally reduced, the feedback term is 
temporarily greater. 

These imbalances in signal levels appear at the summing 
junction as a positive or negative potential. The polarity of the 
error signal at the summing point depends on which direction the 
heads are moving in and whether actual head velocity is less than 
or greater than the specified velocity. 



The resulting signal at the summing junction is inverted by an 
operational amplifier and sent out as SERVO DRIVE SIGNAL. 

The polarity of SERVO DRIVE SIGNAL is such that it has 
the effect of bringing the error voltage at the summing junction 
to zero potential. It does this by causing the heads to accelerate 
or decelerate until the feedback term matches the speed control 
term in amplitude. 

When the two summing junction input terms have equal 
amplitudes, SERVO DRIVE SIGNAL is at zero potential. This 
occurs when the heads are actually moving at the specified 
velocity or when the heads are detented. 

In the detent mode, the speed control and feedback terms are 
both at zero potential so long as the heads remain stationary. If 
the heads move away from the detent position, the two terms 
develop opposite polarities and different amplitudes, bringing the 
summing junction into an imbalance. The resulting SERVO 
DRIVE SIGNAL acts to move the heads back to the detent 
position. 

Figure 5-12 illustrates the major functional elements of the 
servo system in block diagram form. These elements, and the 
principal propagation paths through the servo system are discuss- 
ed in the following subsections. 

5.2.4.1 Power Driver Circuit 

The motor drive current is provided by a Power Driver Circuit 
of the push-pull type. This circuit is on the HS circuit board. The 
amount of current and its polarity are controlled by SERVO 
DRIVE SIGNAL, an analog input that originates at the SO circuit 
board. The development of SERVO DRIVE SIGNAL is described 
in the following subsections. 

A Current Limiting Circuit, which is in series with the motor 
current's feedback path, limits the amount of current the Power 
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Figure 5-11. Servo System Main Summing Junction 



Figure 5-10. Sample Actual Velocity Curve vs. Specified Velocity Curve 



Driver Circuit can supply to the motor. This circuit is also located 
on the HS circuit board. 

If the positioning motor attempts to draw excessive current, a 
Current Detector Circuit senses the high current and causes the 
Servo Disable/Seek Incomplete latch to set. This latch, which is 
located on the SR circuit board, disables the Servo Driver Circuit. 
A restore or initial reset operation will reset the flip-flop and 
return the Power Driver Circuit to normal operation. 

5.2.4.2 Head Positioning Transducer 

The servo system uses the output of an induction-type printed 
circuit transducer to develop head position and velocity informa- 
tion. It also decodes this transducer output into cylinder count 
pulses. These pulses are used by the cylinder addressing control 
logic to increment or decrement the Present Address Counter. 

In this transducer, the primary coil consists of a printed 
conductor pattern. This member of the transducer, called the 
slider, is located on the underside of the head positioning 
carriage. It moves with the carriage during head positioning 
operations. 

The transducer's secondary coil is formed by a pair of 
interleaved conductor patterns. These patterns are printed on an 
epoxy glass substrate, which is bonded to the top surface of an 
aluminum alloy plate. The plate is mounted on the carriage way 
facing the slider. This secondary member of the transducer, 
referred to as the scale, is stationary. 

The transducer primary Is driven by a 480 KHz signal. This 
signal originates at 1.92 MHz crystal oscillator. The oscillator's 
output frequency is divided by four. The resulting 480 KHz signal 
is integrated. The output of the integrator circuit drives the 
primary coil of a transformer. The signal appearing at the 



transformer's secondary coil drives the transducer's primary 
element. 

Figure 5-13 provides a conceptual view of the transducer. To 
simplify the illustration, the slider and scale are shown as if they 
were opposite pages of an open book. In reality, the slider moves 
along a path directly above the scale. 

During head positioning, the motion of the slider with respect 
to the scale varies the degree of primary-to-secondary coupling 
that occurs in each secondary trace. This motion produces a pair 
of modulated sine wave signals on the transducer's two output 
channels. The channel A and channel B output wave shapes are 
represented in Figure 5-14. 

The 90° phase displacement between the channel A and 
channel B modulation envelopes shown in the drawing is a 
function of the relative spacing between the secondary traces. 
This phase information is used by the servo system to detect 
which direction the heads are moving, and to develop track 
crossing information. 

When the heads are detented, the channel A and channel B 
envelopes have constant amplitudes. If the heads move away from 
the detent position, this motion shows in the amplitude modula- 
tion that occurs on the envelopes. 

The channel A and channel B signals are applied to ampli- 
fier/demodulating logic on the SO circuit board. 

5.2.4.3 Amplifier Demodulation Network 

The heart of the servo system's demodulation logic consists of 
a pair of monolithic balanced modulator devices operating in the 
demodulation mode. Two differential video amplifiers at the 
inputs to the demodulation devices amplify the channel A and 
channel B signals before demodulation is performed. 
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Figure 5-12. Servo System Functional Block Diagram 
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Figure 5-14. Head Position Transducer Output Wave Shapes 



Each demodulating device provides both true and complement 
outputs. These demodulated output signals are amplified and 
distributed to various functional elements of the servo system. 

The four amplified outputs, designated A, A, B and B, are used 
by these elements to perform a variety of related functions. 

1. They are used by the Reference FET Network to develop a 
speed control reference input to the Speed Control FET 
Network. 

2. They are also applied to the Differential Circuits to develop 
the differentiated wave shapes A', A', B' and B'. These are 
used by the Feedback FET Network to develop the feed- 
back input to the summing junction. 

3. A pair of sequence control signals, designated C and D, are 
developed by logical summation gates acting on A, B and B. 
The resulting C and D signals are square waves, with a 90° 
phase relationship. 

5.2.4.4 C and D Summing Networks 

These networks simply consist of one of the Demodulation 
Network's outputs A being tied at separate summing points to 
two other Demodulation Network outputs, B and B. See Figure 
5-15. 

The resulting summation signals are inverted by a pair of 
operational amplifiers to become SERVO LOGIC CONTROL 
LEVEL C and SERVO LOGIC CONTROL LEVEL D. 

Together, these phase-related square waves provide position 
and direction information about the heads as they move from 
cylinder to cylinder. Specific level transitions indicate that the 
heads have reached a new cylinder position. The order in which 
the level transitions occur represents the direction of head travel. 

These CD pulse trains are sent to CD Decode logic on AL2 to 
develop the gate control signals 1 through 4 and Pick A 
through Pick B. The CD Decode logic is described In the 
following subsection. 

SERVO LOGIC CONTROL LEVEL C and SERVO LOGIC 
CONTROL LEVEL D are also sent to the Present Address 
Counter Control logic on ALL There, they are used to generate 
count up or count down pulses for the Present Address Counter. 

5.2.4.5 CD Decode 

This logic develops gate control signals for use by the Feed- 
back FET Network and Reference FET Network. 

During head positioning operations the 1 through 4 
outputs are generated in a sequence determined by the order of 
transitions occurring on the C and D inputs. They are issued to 
the Feedback FET Network where they are used to control the 
commutation of the differentiated wave shapes A., A., B , B. 
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Figure 5-15. 
Derivation of C and D Signals from A, B and B 

The PICK outputs are generated in a similar fashion except 
that the generation of these signals involves two stages of 
multiplexing. 

One stage controls the sequencing of PICK outputs to provide 
the proper sequence for forward and reverse head positioning 
operations. 

The other multiplexing stage controls the selection of the 
PICK output for detenting. 

Details regarding the CD Decode logic are provided in Section 
5.3.14.2, CD Decode. 

5.2.4.6 Differential Circuits 

These Differential Circuits consist of four capacitor/resistor 
pairs. Each pair is connected in series with one of the Demodula- 
tion Network outputs. 

The capacitance in each of these series circuits produces an AC 
signal that lags the driving signal by 90° and whose amplitude is 
directly proportional to the transducer modulation frequency. 
See Figure 5-16. 



5-8 



CH A 



CH A 




DEMODULATION 
NETWORK 




'_V_V_l_ A» 



~ DIFFERENTIAL 
CIRCUITS 



A i 



H( — ^AAH4■ 




He 



fH(- 



AAAA- 



a' 



B I 



r\fr 



AAAA 



b' 



FEEDBACK 

FET 

NETWORK 






Figure 5-16. Differential Circuits Input/Output Wave Shapes 



The differentiated wave shapes. A', A', B' and B', are used by 
the Feedback FET Network to develop the feedback input to the 
summing junction. 

5.2.4.7 Feedback FET Network 

The Feedback FET Network provides an analog input to the 
summing junction. The positive or negative amplitude of this 
input is directly proportional to actual head velocity. Its polarity 
represents the complement of the direction of head travel. 

This velocity feedback term is derived from the four outputs 
of the Differential Circuits through a process of commutation. 
The positive or negative peaks of A', A', B. and B' are sequen- 
tially gated through the Feedback FET Network to the summing 
junction by 1, 2, 3 and 4. All other segments of the four 
signals are blocked at the FET switches. 

When the heads are moving forward, the positive peaks are 
selected by 1, 2, 3 and 4; during reverse head motion, 
the negative peaks are selected. This commutation process is 
direction sensitive because the wave shape produced by each 
differentiated signal during reverse motion is the complement of 
the forward motion wave shape. 

Since the differentiated input signals are also velocity sensitive, 
the amplitude of the Feedback FET Network's output is directly 
proportional to head positioner velocity. 

These signals and the segments gated through the Feedback 
FET Network are represented in Figure 5-17. This figure also 
illustrates the resulting feedback term that appears at the sum- 
ming junction during head positioning. 

The sample feedback signal shown in Figure 5-17 represents a 
portion of a forward seek during which the heads move at a 
constant velocity and then decelerate. This drawing is a concep- 
tual illustration only; no scale relationship to an actual wave 
shape is intended. 



When the heads are detented, the Feedback FET Network's 
output is at zero potential so long as the heads remain stationary. 
If they move away from the detent position, the feedback term 
changes amplitude. The polarity of this amplitude depends on the 
direction of head motion. 

5.2.4.8 Reference FET Network 

During head positioning operations, the Reference FET Net- 
work provides the Speed Control FET Network with a speed 
control reference term. This rippled DC level serves as a reference 
voltage for the speed control switches, permitting the active 
switches to contribute a speed control input to the summing 
junction. The amplitude of the speed control reference term is 
constant. Its polarity depends on which direction the heads are 
required to move. For forward motion, the output of the 
amplifier shown in Figure 5-12 is negative; for reverse motion, 
TP3 is positive. 

When operating in the detent mode, the speed control refer- 
ence term functions as a position reference term. As long as the 
heads remain stationary at the detent position, the Reference 
FET Network's output is at zero potential. 

If the heads begin to move away from the detent pwsition, the 
speed control/detent reference term changes to a positive or 
negative amplitude. Head motion toward the spindle (forward) 
causes TP3 to become negative; if the heads move away from the 
spindle (reverse), TP3 becomes positive. The resulting DC level is 
used by the Speed Control FET Network to generate a position 
correction input for the summing junction. 

The speed control reference term is generated through a 
commutation process equivalent to the one used to generate the 
feedback term (refer to Section 5.2.4.7 Feedback FET Network). 
The principal difference between the operations of the two 
networks is in the characteristics of their respective inputs. 

The Feedback FET Network performs the commutation oper- 
ation on the differentiated wave shapes. A', A', B' and B'. The 
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Figure 5-17. 
Feedback FET Network Input/Output Signals 

Reference FET Network acts directly on the demodulated wave 
shapes A, A, B and B. 

Consequently, the feedback term's amplitude is directly pro- 
portional to head velocity while the speed control reference term 
is rippled DC level, that leads the velocity by 90°. 



In addition, the two network outputs have a 90° phase 
displacement with respect to each other. This shift is significant 
in detent operations where the lag between the two terms in 
arriving at zero potential has a damping effect on the positioning 
motor. Because the system detents in a critically damped fashion, 
the heads are moved directly to the detent position instead of 
oscillating around the position. 

During head positioning operations, the positive or negative 
peaks of A, A, B and B are sequentially selected by the four 
commutation control inputs Pick A, Pick A, Pick B and Pick B. 
For forward head motion, the negative peaks are selected; when 
the heads are moved away from the spindle (reverse motion), the 
positive peaks are selected. 

The order in which PICK A, PICK A, PICK B and PICK'S are 
generated determines which peaks are selected. CD Decode logic 
on AL2, which is the source of these commutation control 
inputs, is responsible for controlling their sequencing. Details 
regarding their origin are presented in Section 5.3.14.2, CD 
Decode. Figure 5-18 shows the relationship between the four 
PICK signals and the demodulation envelopes for forward and 
reverse seeks. 

When the servo system enters the detent mode, the PICK 
sequence is interrupted and the most recent PICK signal gener- 
ated by the CD Decode logic is maintained. 

This is the PICK signal required for detenting because the 
selected envelope is approaching its zero crossing rather than its 
peak. As the heads approach the detent position, the selected 
demodulation envelope moves along the slope and arrives at the 
zero crossing just as the heads reach the detent position. 

Detenting always occurs at the zero crossing of a positive 
slope. When the servo system enters the detent mode, the system 
is conditioned for forward head motion. Consequently, the 
positive slope of a selected envelope during a reverse head 
positioning operation becomes a negative slope when the servo 
system enters the detent mode. 

This envelope remains selected until a new head positioning 
operation begins. At that time, the CD Decode logic initiates a 
new sequence of PICK signals as required for a forward or reverse 
sequence. 

5.2.4.9 Speed Control FET Network 

The Speed Control FET Network's output specifies the ve- 
locity characteristics of head motion for any given head position- 
ing operation as well as the direction of head motion. The output 
amplitude represents the velocity at which the heads should be 
moving and its polarity determines the direction of motion. 

When the servo system is operating in the detent mode, this 
network generates a position correction signal if the heads 
attempt to move away from the detent position. 
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Figure 5-18. Reference FET Network Input/Output Signals 



During head positioning operations, the Speed Control FET 
Network's output is controlled by eight speed command inputs 
(including MINIMUM SPEED) and a speed control reference 
signal. The speed commands originate at the Speed Increment 
Decoder on AL2. The speed control reference term is provided by 
the Reference FET Network. A ninth input, POSITION TERM 
controls the network's output In the detent mode. Its function is 
described later in the subsection when the detent mode is 
discussed. 

Each speed command controls a separate FET switch in the 
network. During head positioning, one or more of the Inputs will 
gate the speed control reference signal through the network to 
the summing junction. The amplitude of the FET network output 
depends on how many switches are enabled. 

The number of active speed commands at any given time is 
directly related to the velocity at which the heads should be 
moving at that time. That velocity requirement is determined by 
the Speed Increment Decoder on AL2 (refer to Section 5.3.14 for 
details). 

Figure 5-19 illustrates the changes in SERVO DRIVE SIGNAL 
caused by enabling and disabling speed commands during a four 
cylinder seek. The effect of the feedback term on SERVO 
DRIVE SIGNAL is also shown. 

5.2.4.10 Summing Junction 

The servo system's main summing junction Is formed by 
coupling the output of the Speed Control FET Network to the 
output of the Feedback FET Network. This connection is made 
by printed wire on the SO board at the inverting input to the 
board's output driver. 

Any signal appearing at the summing junction results from the 
amplitudes of the two inputs to the summing junction being 
unmatched. Any such error voltage is inverted and amplified by 
the amplifier and sent to the Power Driver Circuits as SERVO 
DRIVE SIGNAL. 

The effect of SERVO DRIVE SIGNAL on the Power Driver 
Circuits is to either accelerate or decelerate the heads, whichever 
will tend to return the summing junction to zero potential. 

The following paragraphs describe how the potential at the 
summing junction is affected by changes to the speed control and 
feedback terms during head positioning and detent operations. 
Refer to Figure 5-19, Speed Command vs. Servo Drive Signal in 
Section 5.2.4.9. 

At the start of a seek operation, the appropriate number of 
speed command inputs to the Speed Control FET Network are 
activated by Speed Increment Decoder. This causes the speed 
control input to the summing junction to swing from zero 
potential to some positive or negative level. 



Since the heads are stationary at the start of a seek, the 
feedback input to the summing junction is at zero potential (test 
points 17 and 19). 

NOTE 
These are test points for two of the differentiated signals 
(B' and A ') as they appear at the outputs of their respective 
FET switches. To simplify the illustration, the feedback 
signal trace is drawn as if all four differentiated signals were 
sampled. 

SERVO DRIVE SIGNAL increases in amplitude at the maxi- 
mum rate Initially to start the heads moving. As the heads 
accelerate, the feedback term appears at the summing junction, 
causing SERVO DRIVE SIGNAL'S amplitude to decrease. 

The increasing feedback term continues to reduce the ampli- 
tude of SERVO DRIVE SIGNAL until the feedback term 
matches the speed control term in amplitude. At this point, 
SERVO DRIVE SIGNAL is at zero potential. 

As the heads approach the destination cylinder, the active 
speed control FET switches are turned off in sequence. One 
switch is disabled each time the decreasing difference count 
crosses one of the speed increment thresholds. Disabling these 
switches reduces the speed control term amplitude by increments. 

Each time the value of the speed control term falls below that 
of the feedback term, a new SERVO DRIVE SIGNAL Is gener- 
ated, with polarity needed to brake the motion of the positioning 
motor. This polarity is opposite that used to accelerate the head 
positioner at the beginning of the operation. 

With the resulting current acting as a brake, the heads 
decelerate until the decreasing feedback term matches the new 
speed control term. At that point SERVO DRIVE SIGNAL again 
returns to zero potential. 

This braking action occurs at each speed Increment threshold. 
When the difference count equals zero, the last switch (MINI- 
MUM SPEED) is disabled and the speed control term returns to 
zero potential. The resulting SERVO DRIVE SIGNAL slows the 
heads to zero velocity. 

Just before the heads reach the detent position, the servo 
system enters the detent mode. Operation of the Speed Control 
FET Network in the detent mode is described below. 

When the servo system transfers to the detent mode, a ninth 
switch in the Speed Control FET Network is turned on by 
POSITION TERM. This input to the FET network is provided by 
Speed Increment Decode logic on AL2. 

The POSITION TERM switch gates whatever signal is present 
on the speed control reference line through to the summing 
junction. When the servo system is in the detent mode, CD 
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Decode logic on AL2 causes the speed control reference term to 
be held at zero potential. This is done by selecting whichever one 
of the four differentiated wave shapes (A, A, B and B) will be at 
the zero crossover of its positive slope when the heads are at the 
detent position. This selection is made in the Reference FET 
Network, causing its output, speed control reference term to hold 
at this zero crossover point. 

Details regarding the origin of the speed control reference term 
are given in Section 5.2.4.8, Reference FET Network and Section 
5.3.14.2, CD Decode. 

If the heads begin to move in either direction away from the 
detent position, the speed control reference term moves up or 
down the selected slope. This change in amplitude causes a 
corresponding change in the speed control input to the summing 
junction. 

As a result, an error voltage is produced at the SERVO DRIVE 
SIGNAL output, which brings the heads back to the detent 
position. 

Movement of the heads also causes the feedback term to 
assume a positive or negative polarity (always the complement of 
the speed control term). Use of the feedback term in detenting 
serves to damp the action of the positioning motor. In this way, 
the heads are brought directly to the detent position. 

5.2.5 Head Positioning Control 

Direct control of head motion is provided by the servo system, 
as described in the previous section. However, the servo itself 
receives instructions for moving the heads from a section of logic 
referred to in this manual as the head positioning control logic. 
This area of logic has the following responsibilities. 

1. It stores the cylinder address received from the controller. 
This is the address of the cylinder to which the drive is 
instructed to move the heads. 

2. It checks the destination address for validity. If the address 
is too large, it notifies the controller (with LOGICAL 
ADDRESS INTERLOCK). 

3. It stores the address of the cylinder at which the heads are 
presently located and keeps this register updated as the 
heads move from cylinder to cylinder. 

4. It computes the difference between the present cylinder 
address and the destination address. The result represents 

the distance the heads must travel and the direction of 
motion. 

5. It issues speed commands to the servo system's Speed 
Control FET Network. These commands specify the maxi- 
mum head velocity for each stage of a head positioning 
operation. 



6. It provides direction control to the servo system's CD 
Decode logic to control the direction of head motion. 

7. It specifies the mode of operation for the servo system (i.e., 
speed control mode or detent mode). 

8. Initiates restore operations and controls head speed and 
direction during restore. 

9. Initiates retract operations and controls head speed and 
direction during the operation. 

10. Controls head speed and direction of motion when heads 
are moved from the fully retracted position to the head 
loading position. This operation is referred to as the preload 
head advance. 

The four head positioning operations mentioned above, seek, 
restore, retract and preload head advance, are described in flow 
chart form in Figures 5-20 through 5-23. 

Figure 5-24 illustrates the nine functional blocks that comprise 
the head positioning control logic. Each functional element 
shown in that diagram is discussed in the following subsections. 

5.2.5.1 Cylinder Address and Command Receivers 

These line receivers buffer the cylinder address information 
present on the I/O cable. The receiver devices are gated by a 
select from the controller. Gating is also conditioned by an 
internal requirement for the heads to be loaded. 

The Strobe and Restore commands issued by the controller are 
also buffered by gated line receivers. These two inputs are gated 
by the same conditions that control the cylinder address re- 
ceivers. 

5.2.5.2 Address Inhibit Gates 

These gates are used to force all cylinder address inputs to the 
logical ZERO state during any sequence that moves the heads to 
cylinder (e.g., during restore operations) or that moves the 
heads to their retracted position. The address word provided by 
the controller is gated through to the Address Check Logic and 
Destination Address Register during seeks to addressed cylinders. 

5.2.5.3 Address Check Logic 

This logic tests the cylinder address at the outputs of the 
Address Inhibit Gates to determine whether or not its value 
exceeds the maximum legal address for the disk drive. If the 
address value exceeds 203 for the Model 43 or 407 for the Model 
44, a Logical Address Interlock condition results. 

5.2.5.4 Destination Address Register 

This register holds the address of the next cylinder to which 
the heads must be moved. 
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Figure 5-19. Speed Commands vs. Servo Drive Signal 
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INITIAL CONDITION : I 
READY TO S/R/W IS 
LOW AT PIN L OF 1/02. 



SEE PARA 5.3.7 

i 5.3.15.6 
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NEW ADDR RECEIVED 
FROM CONTROLLER ON 
I/O CABLE. 



SEE PARA 5.3.7 
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DWG 11407 
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-STROBE FROM CONTROLLER 
CLOCKS NEW ADDR INTO DAR. 

SeI para 5.3. r5. 6 
DWG 11404 



DAR CLK INPUT 
IS DISABLED. 




LOGICAL ADDR INTERLOCK 
IS GENERATED, 


SEE PARA 5.3.15.2 
DWG 11404 


SEE PARA 5.3.15.2 
DWG 11404 














I -DIRECTION CONTROL | 
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DIRECTION CONTROL LOGIC 
CONDITIONED FOR FORWARD 
OPERATION. 



SEE PARA 5.3.15.5 
DWG 11404 
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DIRECTION CONTROL LOGIC 
CONDITIONED, FOR REVERSE 
OPERATION. 



SEE PARA 5.3.15.5 
DWG 11404 
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I -DIRECTION CONTROL | 
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ADDR ACKNOWLEDGE IS 
SENT TO CONTROLLER, 

SEE PARA 5".3.'7 
DWG 11404 



WAIT FOR NEXT 
INSTRUCTION 
FROM CONTROL- 
LER. 



-DIRECTION CONTROL (TRUE). 
CAUSES SERVO SYSTEM TO 
MOVE HEADS FORWARD. 




TRUE OUTPUT OF SUBTRACTOR 
IS GATED THRU DIFF COUNT 
MPXR. 




COMPLEMENT OUTPUT OF 
SUBTRACTOR IS GATED 
THRU DIFF COUNT MPXR. 




- DIRECTION CONTROL (FALSE) 
CAUSES SERVO SYSTEM TO MOVE 
HEADS IN REVERSE. 


SEE PARA 5.3.14.2 
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SEE PARA 5.3.14.2 
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PAC. 

SEE PARA 1.3.15.5 
DWG 11404 



SPEED INCREMENT DECODER 
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DWG 11407 
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Figure 5-20.A Seek Operation Flow Chart 
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(D 



DIFF COUNT MPXR OUTPUT 
CAUSES COUNTER INTER- 
LOCK & POSITION TERM 
TO GO FALSE. 

SEE PARA 5.3.14.1 
WVG 11407 



COUNTER INTERLOCK 
(FALSE) SETS SEEK 
FF (B51-15/14). 

SEE PARA 5.3.14,1 
DWG 11407 



I 



SEEK FF DISABLES 
READY TO S/R/W. 



SEE PARA 5.3. 
DWG 11407 



14.1 



SEEK FF GATES SPEED 
COMMANDS FROM AL-2 
TO SO BOARD. 



SEE PARA 5.3. 
DWG 11407 
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COUNTER INTERLOCK (FALSE) 
SELECTS OUTPUT OF CD DE- 
CODE LOGIC AT PICK PULSE 
MPXR (H39 ON AL-2). THIS 
PROVIDES THE CORRECT PICK 
OUTPUT TO THE REFERENCE 
FET NETWORK SO BOARD FOR 
INITIATING MOTION, 



SEE PARA 5.3.14.2 
DWG 11407 



CD DECODE LOGIC PRO- 
VIDES PICK & OUT- 
PUTS TO THE REFERENCE 
AND FEEDBACK FET NET- 
WORKS. 



SEE PARA 5.3.14.2 
DWG 11407 



PICK & OUTPUTS CONTROL COM- 
MUTATION OF UNDIFFERENTIATED 
& DIFFERENTIATED £INE WAVES, 
(A, A, B, B,& A', A', B', B ) 
TO DEVELOP A REFERENCE VOLT- 
AGE & VELOCITY FEEDBACK IN- 
PUT TO THE MAIN SUMMING JUNC- 
TION. 

SEE PARA 5.3.13.2 & 5.3.13.5 
DWG 11633 




POSITIO TERM (FALSE) 
DISABLES POSITION 
TERM SWITCH IN SPEED 
CONTROL FET NETWORK. 



SEE PARA 5.3.13.3 
DWG 11633 
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SINCE THE HEADS 
ARE NOT MOVING 
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SPEED CONTROL FET NETWORK 
USES REFERENCE VOLTAGE AND 
SPEED COMMANDS TO DEVELOP 
SPEED CONTROL INPUT TO MAIN 
SUMMING JUNCTION. 



SEE PARA 5.3.13.3 
DWG 11633 



COMPARISON OF FEEDBACK 
INPUT TO SUMMING JUNC- 
TION WITH SPEED CONTROL 
INPUT CAUSES HEADS TO 
ACCELERATE TO PRESCRIBED 
VELOCITY. 



SEE PARA 5.2.4 & 5.3.13 
DWG 11633 & 11631 



AS HEADS BEGIN TO MOVE, 
THE HEAD POSITION XDUCER 
OUTPUT IS DECODED INTO 
C D SQUARE WAVES. THESE 
PROVIDE POSITION &DIREC- 
TION INFORMATION TO C D 
DECODE LOGIC & PAC CON- 
TROL LOGIC. 

"sEeI'ARA 5.'2r4, 5",3,13 

& 5.3.14.2 
DWG 11633, 11404 & 11407 



PAC CONTROL USES 
DECODED XDUCER 
OUTPUT TO DEVELOP 
COUNT UP OR COUNT 
DOWN PULSES FOR 
PAC. 

SEE PARA 5.3.f5.4 
DWG 11404 



AS HEAD VELOCITY INCREASES, 
FEEDBACK INPUT TO SUMMING 
JUNCTION INCREASES & RESUL- 
TING ERROR VOLTAGE DECREASES. 
DRIVE CURRENT TO POSITIONING 
MOTOR DECREASES AS ERROR 
VOLTAGE DECREASES. 



SEE PARA 5.3. 
DWG 11633 



13.7 



(i) 



d) 



® 



Figure 5-20. B Seek Operation Flow Chart 
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IN MOD 43 DRIVES 
PAC ACTS AS A 
DIV BY 2 COUNTER 
TO MATCH COUNT 
PULSES TO THE 
0.010 INCH TRACK 
SPACING 



I 



SPEED CONTROL INPUT TO 
SUMMING JUNCTION IS RE- 
DUCED. 



SEE PARA 5.3. 
DWG 11633 
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BRAKING CURRENT IS 
APPLIED TO POSITION- 
ING MOTOR TO DECEL- 
ERATE THE HEADS. 



SEE PARA 5.3 
DWG 11633 
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NO 
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PAC IS INCREMENTED 
IF FORWARD SEEK OR 
DECREMENTED IF RE- 
VERSE SEEK. 



SEE PARA 5.3.15.4 
DWG 11404 




HIGHEST ORDER ACTIVE 
SPEED COMMAND IS DIS- 
ABLED. 

SEE PARA 5.3.14.1 
DWG 11407 



YES 
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MINIMUM SPEED OUTPUT 
IS DISABLED. COUNTER 
INTERLOCK AND POSITION 
TERM ARE GENERATED. 



SEE PARA 5. 
DWG 11407 
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ALL DRIVE CURRENT IS 
REMOVED FROM POSITION- 
ING MOTOR & THE HEADS 
COAST. 



COUNTER INTERLOCK FIRES 
SETTLING OS-1 AND SETTLING 
OS-2 (F50 ON AL-2). 



SEE PARA 5.3.14.1 
DWG 11407 



I 



POSITION TERM ENABLES 
POSITION TERM SWITCH 
IN SPEED CONTROL FET 
NETWORK. 



SEE PARA 5.3.13.3 
DWG 11633 



COUNTER INTERLOCK SELECTS 
BINARY CODE OF TWO LSB 
OUTPUTS OF PAC AT PICK 
PULSE MPXR (H39 ON AL-2). 
THIS PROVIDES CORRECT PICK 
OUTPUT TO REFERENCE FET 
NETWORK FOR DETENING HEADS. 



SEE PARA 5.3.14.2 
DWG 11407 



OS-1 
3.5 MSEC 



OS-2 
10 MSEC 



SETTLING OS-1 RESETS 
SEEK FF. THIS DISABLES 
SPEED COMMAND GATES. 



SEE PARA 5.3.14.1 
DWG 11407 



YES 



SETTLING OS-2 RESETS 
CARRIAGE POSITIONING 
FF-2. THIS FUNCTION 
IS REDUNDANT FOR SEEK 
OPERATIONS SINCE FF-2 
IS NOT SET. 



READY TO S/R/W IS 
SENT TO THE CON- 
TROLLER. 

SEE PARA 5.3.14.1 

DWG 11407 & 11645 

OR 11647 
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Figure 5-20.C Seek Operation Flow Chart 
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RESTORE CMD 
RECEIVED FROM 
CONTROLLER. 

SEE PARA 

5.3.6 & 5.3.7.6 
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STROBE FROM CONTROLLER 
GATES RESTORE CMD INTO 
HEAD POSITION CONTROL 
LOGIC. 



SEE PARA 5.3.7.6 



RETRACT SPEED AND 
SEEK FF DISABLE 
ALL SPEED COMMANDS 
EXCEPT MINIMUM 
SPEED. 

SEE~PARA~5~ 3. 14" 1 ~ 
DWG 11407 



GATED RESTORE CMD 
SETS DIRECTION CONTROL 
TO REVERSE & CAUSES 
RETRACT SPEED TO GO 
TRUE. 



SEE PARA 5.3.7.6 



I 



RETRACT SPEED DIS- 
ABLES COUNTER INTER- 
LOCK & POSITION TERM. 

SEE PARA 5.3.14.1 
DWG 11407 



COUNTER 
(FALSE) 
FF. 



INTERLOCK 
SETS SEEK 



SEE PARA 5.3.14.1 
DWG 11407 



SEEK FF DISABLES 
READY TO S/R/W. 

se'e'para" 5 .3 7l4 7f 

DWG 11407 
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GATED RESTORE CMD FIRES ONE SHOT 
THAT CLOCKS FF THAT CONTROLS AD- 
DRESS ACKNOWLEDGE OUTPUT&LOGICAL 
ADDRESS INTERLOCK OUTPUT GATES. 
SINCE OUTPUT OF ADDR CHK LOGIC 
MUST BE HIGH FOR RESTORE OPERA- 
TIONS, FF WILL SET & ADDRESS AC- 
KNOWLEDGE OUTPUT WILL BE TRUE. 

SEE PARA 5.3.15.2 
IWG 11404 
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RETRACT SPEED SETS 
CARRIAGE POSITION- 
ING FF-2, CAUSING 
INPUT INHIBIT TO GO 
TRUE AND READY TO 
S/R/W TO GO FALSE. 

SEE PARA 5.3.14.1 
DWG 11407 



INPUT INHIBIT FORCES 
DATA INPUTS TO DAR 
TO ALL ZEROS. 

SeF PARA'573Ti4ri 
DWG 11407 



RETRACT SPEED CLEARS PAR 
& CLOCKS ZEROS INTO DAR. 

SEE PARA 1. "3. 15 74 
DWG 11404 
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SPEED CONTROL FET 
NETWORK USES REF- 
ERENCE VOLTAGE & 
SPEED COMMANDS TO 
DEVELOP SPEED CON- 
TROL INPUT TO MAIN 
SUMMING JUNCTION. 

lEE~P^~5Tr. TfS~ 
DWG 11633 



COMPARISON OF FEEDBACK 
INPUT TO SUMMING JUNC- 
TION WITH SPEED CONTROL 
INPUT CAUSES HEADS TO 
ACCELERATE TO PRESCRIBED 
VELOCITY(MINIMUM SPEED). 

SEE "PAEA 1 r274~ & 5. 3 .15" " 
DWG 11633 & 11631 



AS HEADS BEGIN TO MOVE, 
THE HEAD POSITION XDUCER 
OUTPUT IS DECODED INTO 
C D SQUARE WAVES. THESE 
PROVIDE POSITION &DIREC- 
TION INFORMATION TO C D 
DECODE LOGIC & PAC CON- 
TROL LOGIC. 

"sEe'pARA 1 .1 ."4 ,~ 5~. r. 13 ~ ~ 

& 5.3.14.2 
DWG 11633, 11404 & 11407 
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COUNTER INTERLOCK(FALSE) 
SELECTS OUTPUT OF CD DE- 
CODE LOGIC AT PICK PULSE 
MPXR (H39 ON AL2) . THIS 
PROVIDES THE CORRECT PICK 
OUTPUT TO THE REFERENCE 
FET NETWORK ON SO BOARD 
FOR INITIATING HEAD MO- 
TION. 



SEE PARA 5.3. 
DWG 11407 



14.2 
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POSITION TERM (FALSE) 
DISABLES POSITION 
TERM SWITCH IN SPEED 
CONTROL FET NETWORK. 

'siE~PAiA~5T3~ 1373 
DWG 11633 



CD DECODE LOGIC PRO- 
VIDES PICK & OUT- 
PUTS TO THE REFERENCE 
AND FEEDBACK FET NET- 
WORKS. 



SEE PARA 5.3.14.2 
DWG 11407 



PICK & OUTPUTS CONTROL COM- 
MUTATION OF UNDIFFERENTIATED 
& DIFFERENTIATED SINE WAVES. 
(A, A, B, B,& A", A', B", B") 
TO DEVELOP A REFERENCE VOLT- 
AGE & VELOCITY FEEDBACK IN- 
PUT TO THE MAIN SUMMING JUNC- 
TION. 

SEE P;^ 5.3.13.1"&''5737l3."5~ 
DWG 11633 



d) 



Figure 5-21. A Restore Operation Flow Chart 
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DIRECTION CONTROL 
SET TO FORWARD & 
RETRACT SPEED IS 
DISABLED. 

SEE PARA 5.3.15.6 
DWG I I 404 



RETRACT SPEED (FALSE) 
DISABLES MINIMUM SPEED 
& ENABLES COUNTER INTER- 
LOCK & POSITION TERM. 

SEE~PARA 5.r.l4.r 
DWG 11407 
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AS HEAD VELOCITY INCREASES, 
FEEDBACK INPUT TO SUMMING 
JUNCTION INCREASES & RESULT- 
ING ERROR VOLTAGE DECREASES. 
DRIVE CURRENT TO POSITIONING 
MOTOR DECREASES AS ERROR 
VOLTAGE DECREASES. 

SEE PARA 5.3.13.7 
DWG 11633 




COUNTER INTERLOCK 
SETTLING OS-1 & 
SETTLING OS-2(F50 
ON AL-2). 

SEE PARA 5.3.14.1 
DWG 11407 



POSITION TERM ENABLES 
POSITION TERM SWITCH 
IN SPEED CONTROL FET 
NETWORK. 

SEE PARA 5.3.13.3 
DWG 11633 



COUNTER INTERLOCK SELECTS 
BINARY CODE OF TWO LSB 
OUTPUTS OF PAC AT PICK 
PULSE HPXR (H39 ON AL2) 
THIS PROVIDES CORRECT 
PICK OUTPUT TO REFERENCE 
FET NETWORK FOR DETENING 
HEADS. 

SEE PARA 5.3.14.2 
DWG 11407 



OS-1 
3.5 MSEC 



OS-2 
10 MSEC 



SETTLING OS-1 RESETS 
SEEK FF. THIS DISABLES 
SPEED COMMAND GATES. 



SEE PARA 5.3 
DWG 11407 
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SETTLING OS-2 RESETS 
CARRIAGE POSITIONING 
FF-2. THIS DISABLES 
INPUT INHIBIT & EN- 
ABLES READY TO S/R/W. 



READY TO S/R/W IS 
SENT TO CONTROLLER. 

SEE PARA 5.3.14.1 

DWG 11407 & 11645 

OR 11647 



ALL DRIVE CURRENT IS 
REMOVED FROM POSITION- 
ING MOTOR & THE HEADS 
COAST. 



Figure 5-21. B Restore Operation Flow Chart 



5-16 



YES 




INITIAL RESET PULSE RESETS 
CARRIAGE POSITIONING FF-1. 
THIS CAUSES DIRECTION CON- 
TROL TO GO HIGH (REVERSE) 
& RETRACT SPEED TO GO TRUE. 



SEE PARA 5.3.15.6 
DWG 11404 



RETRACT SPEED DISABLES 
COUNTER INTERLOCK & 
POSITION TERM. 



SEE PARA 5.3.14.1 
DWG 11407 



COUNTER INTERLOCK 
(FALSE) SETS SEEK 
FF. 

SEE PARA 5.3.14.1 
DWG 11407 



SEEK FF DISABLES 
READY TO S/R/W. 

SEE PARA 5.3.14.1 
DWG 11407 



RETRACT SPEED CLEARS 
PAR & CLOCKS ZEROS 
INTO DAR. 

SEE PARA 5.3.15.4 
DWG 11404 



6 



LOSS OF SPINDLE DRIVE 
ON WHILE HEADS ARE IN 
CARTRIDGE AREA (HEAD 
RETRACTED IS FALSE), 
CAUSES DIRECTION CON- 
TROL TO GO HIGH (RE- 
VERSE) & RETRACT 
SPEED TO GO TRUE. 



SEE PARA 5.3.15.6 
DWG 11404 



RETRACT SPEED SETS 
CARRIAGE POSITIONING 
FF-2, CAUSING INPUT 
INHIBIT TO GO TRUE 
AND READY TO S/R/W 
TO GO FALSE. 



SEE PARA 5.3. 
DWG 11407 



14.1 



INPUT INHIBIT FORCES 
DATA INPUTS TO DAR TO 
ALL ZEROS. 



SEE PARA 5.3. 
DWG 11407 



14.1 



® 



RETRACT SPEED, FILE READY 
(FALSE), REVERSE DIRECTION 
CONTROL AND SEEK FF TOGE- 
THER DISABLE ALL SPEED 
COMMANDS EXCEPT MINIMUM 
SPEED, SPEED INCREMENT 1 
& SPEED INCREMENT 2. 



SEE PARA 5.3.14.1 

& 5.3.15.6 
DWG 11407 & 11404 



SPEED CONTROL FET 
NETWORK USES REF- 
ERENCE VOLTAGE & 
SPEED COMMANDS TO 
DEVELOP SPEED CON- 
TROL INPUT TO MAIN 
SUMMING JUNCTION. 

SEE PARA 5.3.13.3 
DWG 11633 



COMPARISON OF FEEDBACK 
INPUT TO SUMMING JUNC- 
TION WITH SPEED CONTROL 
INPUT CAUSES HEADS TO 
ACCELERATE TO PRESCRIBED 
VELOCITY. 

SEE PARA 5.2.4 & 5.3.13 
DWG 11633 & 11631 



I 



AS HEADS BEGIN TO MOVE, 
THE HEAD POSITION XDUCER 
OUTPUT IS DECODED INTO 
C D SQUARE WAVES. THESE 
PROVIDE POSITION &DIREC- 
TION INFORMATION TO C D 
DECODE LOGIC & PAC CON- 
TROL LOGIC. 

SEE PARA 5.2.4, 5.3.13 

& 5.3.14.2 
DWG 11633, 11404 & 11407 



i 



® 



I 



COUNTER INTERLOCK(FALSE) 
SELECTS OUTPUT OF CD DE- 
CODE LOGIC AT PICK PULSE 
MPXR (H39 ON AL2). THIS 
PROVIDES THE CORRECT PICK 
OUTPUT TO THE REFERENCE 
FET NETWORK ON SO BOARD 
FOR INITIATING HEAD MO- 
TION. 



SEE PARA 5.3.14.2 
DWG 11407 



1 



POSITION TERM (FALSE) 
DISABLES POSITION 
TERM SWITCH IN SPEED 
CONTROL FET NETWORK. 



SEE PARA 5.3. 
DWG 11633 



13.3 



CD DECODE LOGIC PRO- 
VIDES PICK & OUT- 
PUTS TO THE REFERENCE 
AND FEEDBACK FET NET- 
WORKS. 



SEE PARA 5, 
DWG 11407 



3.14.2 



PICK & OUTPUTS CONTROL COM- 
MUTATION OF UNDIFFERENTIATED 
& DIFFERENTIATED SINE WAVES. 
(A, A, B, B,& A", A", B', B") 
TO DEVELOP A REFERENCE VOLT- 
AGE & VELOCITY FEEDBACK IN- 
PUT TO THE MAIN SUMMING JUNC- 
TION. 



SEE PARA 5.3.13.2 & 5.3.13.5 
DWG 11633 



Figure 5-22.A Retrack Operation Flow Chart 
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(D 



® 







THREE LOW ORDER SPEED 
COMMANDS CAUSE SERVO TO 
MOVE HEADS OUT OF CAR- 
TRIDGE AREA. 

se¥ 7ara~5 Ti ."4 ,~5 3 .T472 

& 5.3.13 
DWG 11633 & 11407 




AS HEAD VELOCITY INCREASES, 
FEEDBACK INPUT TO SUMMING 
JUNCTION INCREASES & RESULT- 
ING ERROR VOLTAGE DECREASES. 
DRIVE CURRENT TO POSITIONING 
MOTOR DECREASES AS ERROR' 
VOLTAGE DECREASES. 



SEE PARA 5.3.13.7 
DWG 11633 




COUNTER INTERLOCK 
SETTLING OS-1 & 
SETTLING OS-2(F50 
ON AL-2). 

SEE PARA 5.3.14.1 
DWG 11407 



POSITION TERM ENABLES 
POSITION TERM SWITCH 
IN SPEED CONTROL FET 
NETWORK. 



SEE PARA 5.3 
DWG 11633 



,13.3 



OS-1 
3.5 MSEC 



OS-2 
10 MSEC 



COUNTER INTERLOCK SELECTS 
BINARY CODE OF TWO LSB 
OUTPUTS OF PAC AT PICK 
PULSE MPXR (H39 ON AL2). 
THIS PROVIDES CORRECT 
PICK OUTPUT TO REFERENCE 
FET NETWORK FOR DETENING 
HEADS. 

"see para 5.3.14i2 
DWG 11407 



SETTLING OS-1 RESETS 
SEEK FF. THIS DISABLES 
SPEED COMMAND GATES. 



SEE PARA 5.3. 
DWG 11407 



14.1 



ALL DRIVE CURRENT IS 
REMOVED FROM POSITION- 
ING MOTOR & THE HEADS 
COAST. 



HEADS RETRACTED SIGNAL 
SETS DIRECTION CONTROL 
TO FORWARD & DISABLES 
RETRACT SPEED. 



SEE PARA 5.3»15,.6 
DWG 11404 



SETTLING OS-2 RESETS 
CARRIAGE POSITIONING 
FF-2. THIS DISABLES 
INPUT INHIBIT. READY 
TO S/R/W REMAINS DIS- 
ABLED BY FILE READY 
(FALSE). 



NOT RETRACT SPEED DIS- 
ABLES SPEED CO>!MANDS 
& ENABLES COUNTER INTER- 
LOCK & POSITION TERM. 



SEE PARA 5.3. 
DGW 11407 



14.1 



d) 



Figure 5-22.B Retrack Operation Flow Chart 
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INITIAL CONDITIONS AT 
AL-1: DIRECTION CON- 
TROL-FWD, RETRACT SPEED 
FALSE; HEADS RETRACTED- 
TRUE, SPINDLE DRIVE ON- 
FALSE, HEADS OVER TRACKS - 
FALSE. 



SPINDLE DRIVE ON GOES 
TRUE, CAUSING lus PULSE 
TO FORCE SET CARRIAGE 
POSITIONING FF-1. 



SEE PARA 5.3.15.6 
DWG 11404 



RETRACT SPEED GOES TRUE. 
DIRECTION CONTROL REMAINS 
IN FORWARD STATE. 



SEE PARA 5.3.15.6 
DWG 11404 



I 



RETRACT SPEED DIS- 
ABLES COUNTER INTER- 
LOCK & POSITION TER>{. 

SEE PARA 5.3.14.1 
DWG 11407 



COUNTER INTERLOCK 
(FALSE SETS SEEK 
FF. 

SEE PARA 5.3.14,1 
DWG 11407 



SEEK FF DISABLES 
READY TO S/R/W. 



SEE PARA 5.3.14.1 
DWG 11407 



1 



RETRACT SPEED SETS 
CARRIAGE POSITION- 
ING FF-2, CAUSING 
INPUT INHIBIT TO GO 
TRUE AND READY TO 
S/R/W TO GO FALSE. 



SEE PARA 5.3. 
DWG 11407 



14.1 



I 



INPUT INHIBIT FORCES 
DATA INPUTS TO DAR 
TO ALL ZEROS. 

SEE PARA 5.3.14.1 
DWG 11407 



RETRACT SPEED CLEARS PAR 
& CLOCKS ZEROS INTO DAR. 

SEE PARA 5.3.15.4 
DWG 11404 



o 



(!) 



RETRACT SPEED, FILE READY 
(FALSE), DISK PACK SAFETY 
SW & SEEK FF TOGETHER EN- 
ABLE MINIMUM SPEED INCRE- 
MENT 1 & SPEED INCREMENT 
2. ALL OTHER SPEED COM- 
MANDS ARE DISABLED. 



SEE PARA 5.3.14.1 

& 5.3.15.6 
DWG 11404 & 11407 



SPEED CONTROL FET 
NETWORK USES REF- 
ERENCE VOLTAGE & 
SPEED COMMANDS TO 
DEVELOP SPEED CON- 
TROL INPUT TO MAIN 
SUMMING JUNCTION.. 


SEE PARA 5.3.13.3 
DWG 11633 







COMPARISON OF FEEDBACK 
INPUT TO SUMMING JUNC- 
TION WITH SPEED CONTROL 
INPUT CAUSES HEADS TO 
ACCELERATE TO PRESCRIBED 
VELOCITY. 

SEE PARA 5.2.4 & 5.3.13 
DWG 11633 & 11631 



AS HEADS BEGIN TO MOVE, 
THE HEAD POSITION XDUCER 
OUTPUT IS DECODED INTO 
C D SQUARE WAVES. THESE 
PROVIDE POSITION &DIREC- 
TION INFORMATION TO C D 
DECODE LOGIC & PAC CON- 
TROL LOGIC. 

SEE PARA 5.2.4, 5.3.13 

& 5.3.14.2 
DWG 11633, 11404 & 11407 



1) 



I 



COUNTER INTERLOCK(FALSE) 
SELECTS OUTPUT OF CD DE- 
CODE LOGIC AT PICK PULSE 
MPXR (H39 ON AL2). THIS 
PROVIDES THE CORRECT PICK 
OUTPUT TO THE REFERENCE 
FET NETWORK ON SO BOARD 
FOR INITIATING HEAD MO- 
TION. 



SEE PARA 5.3. 
DWG 11407 



14.2 



1 



POSITION TERM (FALSE) 
DISABLES POSITION 
TERM SWITCH IN SPEED 
CONTROL FET NETWORK. 



SEE PARA 5.3.13.3 
DWG 11633 



CD DECODE LOGIC PRO- 
VIDES PICK & OUT- 
PUTS TO THE REFERENCE 
AND FEEDBACK FET NET- 
WORKS. 



SEE PARA 5.3.14.2 
DWG 11407 



PICK & OUTPUTS CONTROL COM- 
MUTATION OF UNDIFFERENTIATED 
& DIFFERENTIATED SINE WAVES. 
(A, A, B, S,& A', A', B', B") 
TO DEVELOP A REFERENCE VOLT- 
AGE & VELOCITY FEEDBACK IN- 
PUT TO THE MAIN SUMMING JUNC- 
TION. 

SEE PARA 5.3.13.2 & 5.3.13.5 
DWG 11633 



Figure 5-23.A Preload Head Advance Operation Flow Chart 
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AS HEAD VELOCITY INCREASES, 
FEEDBACK INPUT TO SUMMING 
JUNCTION INCREASES & RESULT- 
ING ERROR VOLTAGE DECREASES. 
DRIVE CURRENT TO POSITIONING 
MOTOR DECREASES AS ERROR 
VOLTAGE DECREASES. 

SEE PARA 5.3.13.7 
DWG 11633 



DISK PACK SAFETY SW(FALSE) 
DISABLES SPEED INCREMENT 
1 & 2. RETRACT SPEED AND 
SEEK FF CONTINUE TO ENABLE 
MINIMUM SPEED. 




DOES 
FEEDBACK 
INPUT EQUAL SPEED 
^CONTROL INPUT TO SUM- 
MING JUNCTION 

7 



RETRACT SPEED (FALSE) 
DISABLES MINIMUM SPEED 
& ENABLES COUNTER INTER- 
LOCK & POSITION TERM. 



SEE PARA 5,3.14.1 
DWG 11407 



COUNTER INTERLOCK 
SETTLING OS-1 & 
SETTLING OS-2(F50 
ON AL-2). 

SEE PARA 5.3.14.1 
DWG 11407 



POSITION TERM ENABLES 
POSITION TERM SWITCH 
IN SPEED CONTROL FET 
NETWORK. 



SEE PARA 5.3.13.3 
DWG 11633 



OS-1 
3.5 MSEC 



OS-2 
10 MSEC 



COUNTER INTERLOCK SELECTS 
BINARY CODE OF TWO LSB 
OUTPUTS C3F PAC at PICK 
PULSE MPXR (H39 ON AL2) 
THIS PROVIDES CORRECT 
PICK OUTPUT TO REFERENCE 
FET NETWORK FOR DETENING 
HEADS. 

SEE PARA 5.3.14.2 
DWG 11407 



YES 



ALL DRIVE CURRENT IS 
REMOVED FROM POSITION- 
ING MOTOR & THE HEADS 
COAST.- 



SETTLING OS-1 RESETS 
SEEK FF. THIS DISABLES 
SPEED COMMAND GATES. 

SEE PARA 5.3.14.1 
DWG 11407 



SETTLING OS-2 RESETS 
CARRIAGE POSITIONING 
FF-2. THIS DISABLES 
INPUT INHIBIT & EN- 
ABLES READY TO S/R/W. 



CLOCKED RESET. DIRECTION 
CONTROL REMAINS IN FWD 
STATE. RETRACT SPEED GOES 
FALSE. 

SEE PARA 5.3.7.6 



READY TO S/R/W IS 
SENT TO CONTROLLER. 

SEE PARA 5.3.14.1 

DWG 11407 4 11645 

OR 11647 



^ 



Figure 5-23.B Preload Head Advance Operation Flow Chart 
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Figure 5-24. Heed Positioning Control Logic Functional Block Diagram 



5-21 



The register consists of eigiit quad-D latclies and a D-type 
flip-flop that stores the least significant address bit. In the Model 
43 (100 tpi), the least significant address input is disabled. 

5.2.5.5 Present Address Counter and Counter Control 

The contents of this counter equal the address of the cylinder 
at which the heads are located whenever the heads are over the 
disks. 

The counter consists of two four-bit binary counters and a JK 
flip-flop; the JK flip-flop represents the most significant address 
bit. Pulses for incrementing or decrementing the counter are 
provided by a pair of NAND gates in the counter control logic. 
One gate generates a count up pulse for each 0.005 inch the heads 
travel in a forward seek; the other gate generates count down 
pulses at the same intervals during reverse seeks. 

The counter control logic develops these counter increment 
and decrement strobes from a pair of phase related pulse inputs, 
which are designated SERVO LOGIC CONTROL LEVEL "C" 
and SERVO LOGIC CONTROL LEVEL "D". These inputs are 
provided by logic on the Servo PCB. 

The phase relationship of the "C" and "D" inputs is used by 
the counter control logic to determine when the read/write heads 
reach a new cylinder position as they travel across the disk 
surface. A network of NOR and NAND gates decodes the phase 
relationship of these position reference signals, providing a l/xs 
pulse for every 90° of head movement in either direction. 

5.2.5.6 Subtracter 

This functional element compares the contents of the Destina- 
tion Address Register with the contents of the Present Address 
Counter. The result of this comparison represents the distance (in 
cylinders) the heads must move to reach the new address). The 
carry out term specifies the direction the heads must move. A 
reverse motion requirement. 

If the carry out term indicates a forward seek, the difference 
count is represented by the true form of the Subtracter output. 
In a reverse seek, the complement of the difference count is 
represented at the subtracter output. 

5.2.5.7 Difference Count Multiplexer 

This logic multiplexes the true and complement forms of the 
Subtracter output. A direction control bit determines which form 
of the difference count will be used to develop speed increment 
commands. 

If the direction bit specifies a forward seek, the set of true 
Subtracter outputs is gated through te the Speed Increment 
Decoder logic. If the direction bit specifies a reverse seek, the 
complemented Subtracter outputs are selected. 



5.2.5.8 Speed Increment Decoder 

This logic examines the selected Subtracter output and gener- 
ates a set of speed increment commands, which are used by the 
Servo Logic to develop a drive signal for the head positioning 
motor. 

These commands consist of two to eight signals. One of the 
eight commands, designated MINIMUM SPEED, is generated for 
any head positioning operation. For seek operations, one or more 
of the other seven commands is also issued; the number of 
commands generated for a given seek depends on the length of 
the seek (as represented by the value of the difference count). 

MINIMUM SPEED is the sole speed command issued for 
restore operations. During head retract operations, MINIMUM 
SPEED and the second and third least significant speed com- 
mands move the heads back to the fully retracted position. These 
same three commands move the heads away from the fully 
retracted position toward cylinder 0. As soon as the carriage 
clears the Disk Pack Safety switch, the heads are moved by 
MINIMUM SPEED alone. This extra drive is required to compen- 
sate for special complications encountered by the head position- 
ing system when the positioning meter coil is moving outside the 
main field of the meter's permanent magnet. 

At the conclusion of any head positioning operation, the speed 
control portion of this logic is held disabled and the signal 
POSITION TERM is sent to the Servo. Position Term is used to 
detent the heads and held them in position. 

5.2.5.9 Cylinder Addressing Control and Interface Status Output 
Drivers 

This set of logic performs a variety of control functions for the 
cylinder addressing logic. These control functions include the 
following: 

• Strobes the new address into the Destination Address 
Register. 

• Generates a DIRECTION CONTROL level, which serves as 
the select input to the Difference Count Multiplexor. 

• Develops a RETRACK SPEED signal. This is the signal used 
to control head travel speed whenever the heads are moved 
te cylinder or to their retracted position. 

• Provides reverse speed control to the Servo after the initial 
reset period to hold the heads in the retracted position. 

• Forces the outputs of the Address Inhibit Gates to the 
logical ZERO state whenever the heads are moved te 
cylinder or whenever they are retracted. 

• Provides status information to the controller regarding 
cylinder addressing conditions in the disk drive. This infor- 



mation includes: ADDRESS ACKNOWLEDGE, LOGICAL 
ADDRESS INTERLOCK, SEEK INCOMPLETE and 
READY TO SEEK/READ/WRITE. An output line indi- 
cating track density is also provided and, if the Attention 
option is used, an ATTENTION output is available to the 
controller from this logic. 

5.2.6 Disk and Surface Select Logic 

By use of the DISK SELECT and HEAD SELECT interface 
lines the system controller makes two selections en the standard 
Series 40. These selections are as follows: 

1. Index Mark selection— the interface receives the index mark 
from whichever of the disks is selected. 

2. Read/Write Head selection— one of the four heads is en- 
abled for a read or write operation, while the other three 
heads are disabled. 

The DISK SELECT signal also selects the disk whose Write 
Protect function is enabled, as described in 5.3.17. 

Figure 5-25 is a simplified functional block diagram showing 
the selection logic. The output of the AND gate at "A" in the 



figure conditions either the upper or lower index mark NAND 
function ("8" or "C"), depending on which disk is selected by 
the controller. The selected index mark is thereby gated to the 
interface. Since the lower disk hub has sector slots as well as an 
index slot, the index mark must be separated from the sector 
marks prior te gating. If the upper disk also has sector slots, these 
are separated en the Sector Counter PCB, as explained in 5.3.2. 

The R/W heads are enabled by removing a -IV level from the 
center tap of the selected head's winding. This is accomplished by 
furnishing a low to the appropriate Head Driver as shewn in 
Figure 5-25. The output of the disk select AND gate at "A" 
conditions either the upper two NAND functions ("D" and "E") 
or the lower two ("F" and "G"), depending en which disk is 
selected by the controller. The output of the head select AND 
gate at "H" then -selects which head of the selected disk is 
enabled. 



5.2.7 Read/Write Circuits 

One head is always enabled for reading or writing. In addition 
to enabling the selected head as described in 5.2.6, the head 
driver circuit places the selected head's centertap at -i-1V for 
reading or -I-23V for writing. 
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Figure 5-25. Disk and Surface Select Logic 
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Figure 5-26. Write and Erase Block Diagram 



5.2.7.1 Write Circuits 



Figure 5-26 is a simplified functional block diagram of the 
write and erase circuits. When the gating circuits shown at "A" in 
the figure furnish +5V to the head driver, the driver places the 
center tap of the selected head at +23V for writing data. No input 
to the head driver places the center tap at +1V for reading data. 
Similarly, the gating circuits at "A" cause the Erase Driver circuit 
to conduct, allowing erase current to flow in the selected erase 
head. The head and erase drivers are turned on through the gates 
at "A" when the following conditions exist: 

1. -WRITE GATE true 

2. -ERASE GATE true 

3. -WRITE CHECK false 

4. Write protect not set 

5. -READY TO SEEK, READ, OR WRITE true 

6. Heads are loaded 

The last two of these conditions also allow data and clock 
pulses to be gated through "B" to the Write F/F. When this F/F is 
conditioned by an input from the "A" gating circuits, each data 
or clock pulse clocks the Write F/F, driving the Write Driver. 
Each clock or data pulse, therefore, causes current to flow in 



alternate windings of the selected head, causing a flux reversal to 
be written on the disk for each data or clock pulse. 

Referring to Figure 5-26, inputs to the Write Check circuits 
cause —WRITE CHECK to be true when any of the following 
conditions exist: 

• Write current without a true WRITE GATE line or 
-ERASE GATE line. 

• Write and select of more than one head. 

• Erase current without a true —ERASE GATE line. 
" -ERASE GATE line true without erase current. 

5.2.7.2 Read Circuits 

Figure 5-27 is a simplified functional block diagram of the 
read circuitry. In the absence of a true WRITE GATE and 
ERASE GATE, the selected head is enabled for reading. Each 
flux reversal on the disk surface represents one data or clock 
pulse. Each reversal induces a voltage pulse in the heading 
winding as it passes under the head. These voltages are applied to 
a buffer amplifier whose output drives a three-section read 
amplifier providing preamplification, equalization, and final am- 
plification. The read amplifier output waveform is approximately 
symmetrical around the zero-volt level, and is applied to a 
zero-crossing detector. This detector is a one-shot multivibrator, 



SELECTED R/W 


HEAD 




BUFFER 




\ 






r 








T 


1 






SELECTED 

HEAD 

DRIVER 






: 




X 








TO 






-READ SATE 









READ AMPLIFIERS 



mxu 



PREAMP EQUALIZER AMP 



ZERO-CROSSING 
DETECTOR 



READ DATA 



AND CLOCK 



Figure 5-27. Read Circuitry Block Diagram 



whose output is a square-wave pulse with a pulse width of 
approximately 100 ns. The one-shot is triggered each time the 
input crosses the zero level in either direction. An output pulse, 
therefore, occurs for each flux reversal on the disk surface under 
the selected head. Figure 4-8 shows this relationship. As shown in 
Figure 5-27, the output of the zero-crossing detector is enabled 
by the -READ GATE from the interface. Read Data and Read 
Clock pulses are then furnished to the Data/Clock Separator PCB 
in the Standard Series 40, or to the VFC PCB if the VFO option 
is installed, where the data pulses are separated from the clock 
pulses, and presented to the interface on separate lines. If the 
Data/Clock Separator PCB is used, the Unseparated Data Option 
is available, in which the data and clock pulses are not separated, 
but are both presented to the interface on the —READ DATA 
line. 

5.2.7.3 Data/Clock Separation 

Figure 5-28 shows the Data/Clock Separator block diagram 
and associated waveforms. This circuit is also referred to as the 
one-shot separator, to distinguish it from the VFO circuit which 
also separates data and clock pulses. Assuming that the -i-DATA/ 
CLOCK GATE, which is derived from the -READ GATE line, 
has conditioned the NAND gates at "C" and "D", operation of 
the Data/Clock Separator is as follows: 

Prior to arrival of the first data or clock pulse, the Q outputs 
of the one-shot multivibrators are high, as is the output of NAND 
gate "A". The output of NAND gate "E" is therefore low, which 
clears the Data Gate Trigger F/F. Its Q output is low, as shown by 
the waveform in Figure 5-28. Its Q output is high, conditioning 
NAND gate "B" for the arrival of the first pulse. For purposes of 
this description, the first puise is assumed to be a clock pulse, it 
wit! be subsequently seen that if the first pulse is a data pulse, 
circuit action becomes the same as described within three pulses. 

The positive-going edge of the first clock pulse, in addition to 
being gated to the interface by "B" and "D" is applied to the 

clock inputs of the one-shot multivibrators. The Long 0/S is 



active, since there has been no low preset input to the Ones 
Trigger F/F. The Long 0/S therefore times out, removing the low 
clear input to the Data Gate Trigger F/F. The trailing edge of the 
first clock pulse, inverted by NAND gate "B", clocks the Data 
Gate Trigger F/F. As shown by the waveform in Figure 5-28, the 
Q output conditions NAND gate "A" for receipt of a data pulse. 
If the bit cell contains a data pulse, the output of "A" goes low 
during the window. This is furnished to the interface as a data 
pulse, and also to the Preset input of the Ones Trigger F/F, 
making the Short 0/S active and the Long O/S inactive. The 
absence of a pulse in the bit cell will keep the Long 0/S the active 
one. When the active one-shot times out, the Data Gate Trigger 
F/F is reset through NAND gate "E". Table 5-1 shows times for 
the one-shot multivibrators. It can be seen that the Short 0/S will 
close the window at "A" prior to receipt of a clock pulse 
following a data pulse. 

Table 5-1. 
Data/Clock Separator Timing 



Item 


2400 rpm 


1500 rpm 


Bit cell 
Long 0/S 
Short 0/S 


400 ns 
290 ns 
280 ns 


640 ns 
470 ns 
450 ns 



5.2.8 Variable Frequency Oscillator (VFO) 

The VFO Option is an alternative to the standard One-Shot 
Data/Clock Separator in that its primary purpose is also to 
separate the READ DATA pulses from the READ CLOCK pulses. 
The VFO accomplishes this separation by use of a highly stable 
phase-locked data window which is synchronized with the read 
data. This allows greater timing margins and provides immunity 
to missing clock bits for single-sector data format. 

Figure 5-29 is a block diagram of the VFO, which consists of a 
Phase- Locked Loop and a Data Separator. The Phase- Locked 
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Figure 5-28. Data/Clock Separator Block Diagram 



Loop includes a pulse slimmer, start-lock control circuit, high 
gain control circuit. Phase Comparator, filter, and a voltage- 
controlled oscillator (VCO). 

The Phase Comparator consists of lead and lag detectors and a 
bi-directional current source. "Lead" or "lag" refers to the phase 
error of the read data or clocl< pulses with respect to the VCO 2F 
Clock output. "Lead" indicates that the data or clock pulses are 
of a higher frequency than the VCO clock, while "Lag" indicates 
a lower frequency. The BiDirectional Current Source furnishes an 
error signal to correct the frequency of the VCO Clock whenever 
lead or lag exists. 

The Phase Comparator samples all bits coming from the disk, 
and does not distinguish between a data bit and a clock bit. Since 
sampling occurs only when bits are present, missing bits do not 
confuse the Phase Comparator. Missing clock pulses therefore do 
not disturb the VFO. 

The filter and amplifier provide the proper low-frequency 
response required to minimize noise jitter and provide proper 
loop dynamics, such as damping factor, locking range, and 
locking time. 

The VCO is a triangular wave VCO rather than the conven- 
tional ramp type. This design prevents high frequency noise and 



loop instability during ramp fly back. An RS flip-flop and voltage 
comparator circuit converts the triangular wave to the square 
wave VCO 2F Clock. The nominal frequency is 5.083 MHz 
(3.177 MHz for 1500 rpm drives). 

The Data Separator separates the double frequency recorded 
pulses into data and clock bits. A data window is generated from 
the VCO output for separation of these bits. 

A pulse slimmer Is used to slim the incoming data and clock 
pulses to 15 ns pulses. This maximizes the Phase Comparators 
lock-in range. 

In order to minimize phase lock time, the VFO is turned on 
and synchronized with the input pulses by the start-lock control 
circuitry. This insures phase lock within one bit-cell time. The 
remaining lock-in time is used to correct frequency. Turn on of 
the VFO is controlled by READ GATE. With READ GATE false, 
the VFO is turned off, and all outputs are quiescent. With READ 
GATE true, the VFO is turned on by the next input pulse. The 
separator is phased under the assumption the first bit is a clock 
bit. 

The lock-in time and capture frequency depend on the bit rate 
of the input. In order to accommodate an all "ones" as well as an 
all "zeros" synchronizing pattern, a high-gain feature is provided. 



The high-gain control circuitry increases the total loop gain by a 
factor 5, thereby making the loop more sensitive to phase error 
and insuring frequency lock. 

The Data Separator furnishes read data and read clock pulses 
which are highly stable and properly timed even if the input to 
the VFO is experiencing considerable jitter. Figure 5-30 shows 
waveforms which accomplish this separation. When the Phase- 
Locked Loop becomes phase locked to the data and clock pulses, 
these pulses will occur at approximately the positive peaks of the 
triangular waveform. By a system of voltage comparators and a 
flip-flop as part of the VCO circuitry, the triangular wave is 
converted into the 2F Clock square wave shown in Figure 5-30. 
The 2F Clock is sent to the Data Separator, where its positive- 
going edge triggers a flip-flop to produce the Data Gate. The Data 
Gate is inverted to produce the Clock Gate window. These two 
gates are logically ANDed with the input read data and clock 
pulses to generate Separated Clock and Separated Data pulses. At 
this point both the input and separated data can have excessive 
jitter, mainly due to pulse crowding. To eliminate this jitter, a 
clock latch and a data latch are set by the separated clock and 
data pulses, respectively, as shown in Figure 5-30. These latches 
are reset 1/4 bit-cell time later. Their outputs are logically ANDed 
with the stable 2F clock to provide the stable clock and data 
outputs of uniform width. 

The VFO accommodates either a sectored format, in which 
case the Sector Counter Option is normally also used, or a 



single-sector format of the System 3 type. In the latter case, 
additional circuitry is required to handle the frequency synchro- 
nizing pattern consisting of all "ones". With this type of pattern 
the Data Separator may be phased incorrectly, since it cannot 
distinguish between a data bit and a clock bit. The additional 
circuitry is contained on the VFI PCB, and includes a "Zeros 
Detector". This detector corrects the phasing of the Data Separa- 
tor, if necessary, by looking for eight consecutive zeros. When 
these zeros are found in the format, the VFI corrects the Data 
Separator phasing, and data is then gated out to the controller. 

5.3 CIRCUIT BOARD DESCRIPTIONS 

5.3.1 1/0-1, Receiver Driver Circuit 1 (RDR1) PCB 

The RDR1 PCB contains the circuits necessary to accomplish 
the following: 

• Receive the —FILE SELECT signal from the controller, and 
use this signal to gate all other interface signals, both input 
and output, which are received by, or sent from, the RDR1 
PCB. 

• Upon receipt of the —FILE SELECT signal from the 
controller, distribute the -SELECTED signal to the RDR2 
and Sector Counter PCBs for gating signals to and from the 
controller. (Note: All interface signals except the 
-i-ATTENTION LINE are gated by the -FILE SELECT line. 
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Figure 5-30. Sectored Format VFO Separator Timing 



Additionally, many other functions within the Series 40 are 
enabled only on receipt of the -SELECTED signal from 
RDR1.) 

' When selected, receive certain interface signals from the 
controller, including write data and clock, and furnish 
certain interface signals to the controller. 

• If either a +WRITE FAULT or +VOLTAGE CHECK signal 
is received from the Read/Write Amplifier PCB, furnish a 
+WRITE CHECK to the RDR2 PCB to inhibit the READY 
TO S/R/W line, and furnish the -WRITE CHECK signal to 
the interface. 

• If the Sector Counter Option is installed, receive the upper 
index and sector marks from the Sensor PCB, and use these 
marks to trigger a one-shot multivibrator which permits 
gating the sector and index pulses separately to the Sector 
Counter PCB. 

The seven gated line receivers are type 8836 NOR gates 
connected functionally as negative logic AND gates as shown on 
the RDR1 schematic. They are gated by the -FILE SELECT line 
which also uses an 8836 as a receiver. The file select line is 
connected by a jumper on the I/O mother board to one of the 
four SELECT line pins on the interface connector, so that 
interface signals are gated to and from a particular Series 40 only 
when the SELECT line which is jumpered to RDR1 receives a 
low. 

In cases where the outputs of the line receivers must be 
reinverted, type 380 NOR gates are used. 

The circuits with inputs from the controller are simple gates 
and inverters, as shown on the RDR1 schematic. Circuits with 
outputs to the controller are also gated by the -FILE SELECT 
line. However in the case of the -INDEX MARK line, the -FILE 
READY signal is also necessary for gating the -INDEX MARK 
signal through A20-5. 

If the Interrupt Option is installed, there is no connection at 
A5, and a 10S2 resistor is installed at A10. The -FILE READY 
line is therefore no longer gated by the -FILE SELECT signal 
from the controller. With the Interrupt Option installed without 
the Sector Counter Option, a lOfi resistor is installed at D10, so 
that index marks can be gated by the -Fl LE SELECT signal. 

With no Sector Counter Option installed, index marks of the 
selected disk are gated to the interface through F 15-1 3 and 
A20-5. The outputs to the Sector Counter PCB, pins X and J, 
serve no function if there is no Sector Counter PCB installed. 

If the disk drive has the Sector Counter Option installed, 
combined index and sector marks from the upper disk are 
received from the Sensor PCB on pin R of the RDR1 PCB, and 
the jumper at E22 in the -INDEX MARK output line is removed. 



Index marks and sector marks are gated through F15-13, and 
are applied to NAND gates at B15-2 and B15-5. For purposes of 
this description, assume the first pulse to be a sector pulse. The 
one-shot multivibrator at F3 is in its stable state, with its Q 
output low and its Q output high. The Q output therefore has 
conditioned NAND gate B15-4 for the receipt of a pulse, and 
B15-1 is disabled. The arriving sector pulse is gated through B 
15-6, inverted at B 15-8, and is sent to the Sector Counter PCB 
where it advances the sector counter as described in 5.3.2. The 
pulse at B15-6 also fires the one-shot multivibrator, which has a 
period of approximately 850 ;us. Therefore, B15-1 is now enabled 
and B15-4 is disabled. If a pulse arrives during this 850 /us period, 
it must be an index pulse, since sector marks are at least 1 ms 
apart (1.04 ms for 24 sectors, 2400 rpm). The index pulse will be 
gated to the Sector Counter PCB via the -UPPER INDEX PULSE 
line, where it will reset the sector counter. At the end of the 850 
ixs period, the one-shot will recondition B15-4 for the arrival of 
the next sector pulse. 

5.3.2 1/0-3, Sector Counter (SC) PCB 

The purpose of the Sector Counter Option is to provide the 
interface with an absolute binary signal which continuously 
indicates the current sector location of the selected head. Sector 
and index marks from both disks are furnished to the Sector 
Counter PCB, which contains a counter for each disk. As each 
sector mark occurs, its counter is advanced one count, except 
that the first sector mark after the index mark resets the counter. 
The outputs of both upper and lower sector mark counters are 
furnished to a two-section multiplexer. By means of the DISK 
SELECT line, the controller gates the counter output of the 
desired disk out of the multiplexer. The multiplexer also receives 
the sector marks and index marks of each disk directly. The DISK 
SELECT line also gates these out of the multiplexer for the 
desired disk. 

The following description pertains to the upper sector-mark 
counter. Operation of the lower sector-mark counter is identical. 

The upper sector-mark counter circuit consists of a four-bit 
binary counter at D15, an upper reset F/F at F3-5, an upper 
bit-16 F/F at H15-5, and associated gates and inverters. The type 
7493 counter is connected as a four-bit ripple-through counter, 
with the counter input at pin 14, and reset inputs at pins 2 and 3. 
The binary output counts up with each input pulse at pin 14. The 
fifth bit of the sector address is provided by the upper bit-16 F/F 
at HI 5-5, which is toggled by the bit-8 output of the counter 
when it goes low at the next count after a binary count of 01 1 1 1 . 
For reset simultaneous highs must exist at both reset pins of the 
binary counter. 

Assume that the next pulse to be received is the -UPPER 
INDEX PULSE. This pulse is applied to the preset input of the 
reset F/F at F3-4, resulting in a high Q output. This high is 
applied to one reset input of the upper counter. At the trailing 
edge of the index pulse, the preset input at F3-4 again goes high, 
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enabling the F/F to toggle at the next positive going pulse at the 
clock input. 

When the next sector mark occurs, it is applied to the counter 
at D15-2 directly, and to the clock input of the F/F at F3-3 after 
inversion. The reset F/F does not toggle on the leading edge of 
the sector pulse, because a type 7474 F/F toggles on positive- 
going edges. Therefore the Q output is still high when the 
+UPPER SECTOR PULSE is applied to the other reset input to 
the counter at D13-2. The counter resets to zero. Note that the 
two high reset signals that are applied to the counter are also 
applied to the bit-16 F/F through NAND gate J15-3, resetting Q 
output (the bit-16 output) to zero. On the trailing edge of the 
sector mark, the reset F/F is toggled, and its Q output removes 
the high reset from the counter's pin 3. 

Each succeeding sector mark is applied to the counter input, 
advancing the output one count. When the bit-8 output at pin 11 
of the counter goes high at count 01000, the clock input to the 
bit-16 F/F goes low. This has no effect since the F/F toggles only 
on positive going clock inputs. At this time the Q output, preset 
input, and clear input are all high, so that the Q output will go 
high when the next positive-going clock is applied. This occurs 
when the count goes from 01111 to 10000, and pin 11 of the 
counter goes low. This sets the bit-16 F/F whose Q output is 
applied to the multiplexer. Counting continues until the next 
index-mark/sector-mark sequence occurs, at which time the coun- 
ter and the bit-16 F/F are reset as previously described. 

The lower sector counter ofieration is identical to that of the 
upper. The outputs of the upper sector counter are applied to the 
"A" inputs to the multiplexers at B15 and El 5, while the lower 
sector counter outputs are applied to the "B" multiplexer inputs. 
When the "select" inputs to the multiplexers are low, the "A" 
inputs are gated to the outputs. High "select" inputs gate the "B" 
inputs out. This is accomplished by an inversion of the DISK 
SELECT signal from the interface. 

A combination of -SELECTED from the interface and -Fl LE 
READY OUTPUT from the Read/Write PCB gates the index 
mark, sector mark, and sector count to the interface. 

As described in 5.3.12, the Sensor PCB requires the separated 
sector marks of both disks. The lower index and sector marks are 
separated on the Sensor PCB itself. The separation for the upper 
disk occurs on the RDR1 PCB, and the sector marks are furnished 
to the Sensor PCB via pin Y of the Sector Counter PCB interface. 

5.3.3 1/0-4, Variable Frequency Sector (VFS) PCB and 
Variable Frequency Interface (VFI) PCB 

With the VFO Option installed in the Series 40, Slot 1/0-4 
holds either the VFS PCB or the VFI PCB. The VFS PCB is 
installed if a sector-mark format is to be used, while the VFI is 
used with the single-sector format. 



As shown on the VFS schematic, the purpose of the VFS PCB 
is merely to conduct data and clock pulses from the VFC PCB to 
the interface connector, and to provide a constant -I-5V to the 
-SET PHASE input to the VFC PCB, as described in 5.3.5.3. 

The purpose of the VFI PCB is to 

• detect a field of eight consecutive data zeros to determine if 
the data separator on the VFC PCB has properly identified 
which file data pulses are clock pulses and which are data 
pulses. 

• issue a —SET PHASE signal to the data separator if it has 
improperly identified data and clock pulses, 

• shift the data pulses so that the leading edge of a "one" 
read data pulse is coincident with the trailing edge of the 
previous clock pulse, and 

• gate read data and read clock pulses to the interface. 

The zeros detector consists of two type 7493 four-bit binary 
counters and associated gates and flip-flops. The counters are 
connected with the "A" output feeding the "B" input, so that a 
straight count from zero to 15 is achieved. The counter at El 5 is 
advanced by the -READ DATA pulses and reset to zero by the 
-READ CLOCK pulses. Conversely, the counter at F3 is ad- 
vanced by -READ CLOCK pulses and reset to zero by -READ 
DATA pulses. Prior to receipt of data or clock pulses, the 
-i-START OSC line is low, as described in 5.3.5. Therefore the 
three flip-flops F15-5, F15-9, and A3-5are conditioned as shown 
in Table 5-2. 

Table 5-2. 
VFI Initial Conditions 



Pin 


F15-5 


F15-9 


A3-5 


Preset 


H 


H 


L 


Clear 


L 


L 


H 


J 


L 


L 


L 


K 


L 


L 


L 


Q 


L 


— 


H 





H 


H 


L 



When the VFC PCB receives the second file data pulse (data or 
clock) the -i-START OSC input to the VFI PCB goes high, making 
both clear and preset inputs to the flip-flops of Table 5-2 high, 
thereby conditioning them for the receipt of clock inputs. All 
three flip-flops get their clock input from the — 2F REF or — F 
REF signals. 

Both counters are maintained in the reset to zero condition 
through E3-3 and E3-2 until -i-START OSC goes high, at which 
time the counters are enabled. Assume that file data consists of a 
series of logical ones, i.e., alternate clock and data pulses. Each 
counter will alternately count to one and then be reset. This will 



continue until a field of data zeros is encountered, at which time 
one of the counters will be continuously reset and the other will 
count up. However, since the data separator cannot distinguish 
between data and clock pulses with the single-sector format, the 
count up of clock pulses could occur on either counter. For 
purposes of this description, assume that the data separator is out 
of phase, and that the clock pulses are therefore arriving on the 
-READ DATA line. Counter F3 will be reset with each pulse 
while El 5 will count up. At the eighth clock pulse, pin 11 of the 
counter will go high (binary 1000), placing a high on the J input 
of F/F F15-5. At the next positive-going edge of the -2F REF 
signal, F15-5 will toggle, placing a high on pin 10 of NAND gate 
E3-8. Since the Q output of F/F A3-5 is already high, the -2F 
REF pulse will be gated through E3-9, setting the phase of the 
data separator correctly. Meanwhile, the Q output at F15-6 has 
placed a high at A3-2, so that the next -2F REF signal will toggle 
A3-5. This locks out further -SET PHASE signals and resets both 
counters. As A3-5 goes low, A3-6 goes high, enabling NAND gates 
D3-5 and D3-3 for the gating of -READ DATA and -READ 
CLK signals through to the interface. 

If the data separator is correctly phased when the field of 
zeros starts, counter F3 will count up while E15 will be 
continuously reset. At a count of 8, F3-11 will go high. At the 
next positive-going edge of the — 2F REF signal, the Q output at 
F15-7 will go low. This low is gated through B15-6, so that at the 
next negative-going edge of -2F REF, F/F A3-5 is toggled. As 
previously described, E3-8 will now be disabled on pin 1 1 (as well 
as on pin 10), and D3-5 and D3-3 will be enabled. 

The four JK flip-flops at A15 and B3, together with NAND 
gates B15-8 and B15-11, constitute a standard shift-register which 
in effect delays each clock pulse by -HF REF, resulting in a time 
coincidence of the leading edge of a data "one" and the trailing 
edge of the previous clock pulse. 

5.3.4 1/0-5, Data/Clock Separator (D/CS) PCB 

The D/CS PCB is used in the Series 40 disk drive when the 
VFO Option is not installed. This PCB accepts unseparated read 



data and read clock pulses, separates the data and clock pulses, 
and, when the -READ GATE signal is received from the 
controller, gates the data and clock pulses to the interface. 

The Data/Clock separator consists of a data gate trigger F/F at 
F15-5, a ones Trigger F/F at F15-9, a Short one-shot multi- 
vibrator at B3, a Long one-shot multivibrator at D15, and 
associated gates and circuitry. The period of the one-shot multi- 
vibrators varies between 2400 rpm disk drives and 1500 rpm disk 
drives. The following discussion assumes a 2400 rpm disk drive. 
For a 1500 rpm disk drive, see the D/CS schematic for multi- 
vibrator periods. 

Prior to arrival of the first -READ DATA AND CLOCK pulse, 
the low output of OR gate H15-8 disables NAND H15-6, H15-3, 
El 5-6, and El 5-1 2. The outputs of these four gates are therefore 
high. The Q outputs of the multivibrators are also high. The 
output of the NAND gate at El 5-8 is therefore low which clears 
the data gate trigger F/F at F 15-1. The Q and Q outputs of this 
F/F are low and high, respectively. The high Q output conditions 
the NAND gate at HI 5-2 so that the next data or clock pulse will 
be gated. The outputs of the Ones Trigger F/F enable the Long 
0/S and disable the Short 0/S. Assume that -fDATA/CLOCK 
GATE is high, conditioning El 5-4 and El 5-1. These initial 
conditions are summarized in Table 5-3. 

Table 5-3. 
Data/Clock Separator Initial Conditions 





Data Gate 


Ones 


Short 


Long 




Trigger F/F 


Trigger F/F 


O/S 


0/S 


Preset 


H 


H 


— 


— 


Clear 


L 


H 


- 


- 


D 


H 


L 


- 


- 


Clock 


H 


H 


H 


H 


Gate 


— 


- 


L 


H 


Q 


L 


L 


- 


- 


Q 


H 


H 


H 


H 
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Figure 5-31 . Data/Clock Separator Timing 
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For purposes of this description, assume tliat the first pulse is 
a clock pulse. It can be seen that if the first pulse is a data pulse, 
circuit action becomes the same as described within three pulses. 
Figure 5-31 shows timing relationships. 

The leading edge of the first clock pulse is gated through 
E15-2 to the read-clock half of the 75450 line driver, which 
furnishes a —READ CLOCK pulse to the interface. It is also gated 
through HI 5-3 to the clock inputs of the data gate trigger F/F 
and both multivibrators. The data gate trigger F/F does not set at 
this time, since it toggles on positive going clocks. The Long 0/S, 
being enabled previously by the Q output of the Ones Trigger 
F/F, is clocked, and its Q output goes low for approximately 290 
ns. This low is applied to the NAND gate at El 5-9, whose output 
now places a high on the clear input at F15-1. This F/F can now 
be set by its next clock input. This occurs at the trailing edge of 
the first clock pulse. As shown in Figure 5-31, the Q output at 
F15-5 goes high. Pins 4 and 5 of NAND gate El 5 are now high, so 
that an incoming data pulse at pin 3 would be gated through to 
the interface. 

The Long 0/S times out after 290 ns, prior to the receipt of 
another clock pulse. If there was no data pulse in the bit cell, the 
Data/Clock Separator returns to its initial conditions as shown in 
Table 5-3, and awaits another clock pulse. If there was a data 
pulse in the bit cell, this pulse, in addition to being gated to the 
interface, places a low on the preset input to the Ones Trigger 
F/F. This enables the Short 0/S and disables the Long 0/S, so 
that the next pulse at HI 5-3 will result in a 280 ns high at the 
clear input of F15-1, rather than a 290 ns high. It can be seen 
that the Short 0/S would close the data window prior to receipt 
of a clock pulse following a data pulse. 

5.3.5 1/0-5, Variable Frequency Comparator (VFC) PCB 

The VFC PCB is used on Series 40 disk drives having the VFO 
Option installed. Referring to Figure 5-29, the VFC PCB contains 
the Phase Comparator, Start-Lock Control, Pulse Slimmer, and 
High-Gain Control circuits of the Phase-Locked Loop, as well as 
the Data Separator circuits. Specifically, the VFC PCB contains 
the circuits necessary to accomplish the following: 

• Turn on and synchronize the VCO with the file data pulses 

• Increase the gain of the Phase-Locked Loop during the first 
20 ms of a read operation 

• Compare the frequency of the file data with that of the 
VCO 2F CLOCK pulses, and generate error signals if the 
frequencies differ 

■ Separate the read data pulses from the read clock pulses, 
and furnish stable read data and clock pulses of uniform 
width to the interface. 

5.3.5.1 Start-Lock Control and High-Gain Control 

The Start-Lock Control and High-Gain Control circuits ensure 
that the VCO starts in phase-lock synchronization with the file 



data pulses, that frequency correction occurs within 20 ms of the 
first file data pulse, and that no read data or clock pulses can be 
gated to the interface until after the 20 ms frequency correction 
period has elapsed. 

Referring to the VFC schematic, the Start-Lock Control 
circuit consists of JK F/F F3-5, one-shot multivibrator J15, Start 
F/F HI 5-6/8, and associated circuitry. 

When power is applied to the unit, the low -hDAT A/CLOCK 
GT at F3-15 resets F/F F3-5. When the controller makes the 
READ GATE true, -i-DAT A/CLOCK GT goes high, enabling the 
F/F to be set by the trailing edge of the first file data pulse. 

When F3-5 receives the first file data pulse, its Q output 
conditions the Start F/F at HI 5-4 so that when the second file 
data pulse is gated through NAND gate HI 5-1 1, the Start F/F will 
be set. The first file data pulse is not gated through H15-11 
because the Q output of F3-5 does not become high until the 
trailing edge of the first data pulse. Since the K input at F3-2 is 
grounded, the F/F will remain set until the controller makes the 
READ GATE false. 

When the second file data pulse sets the Start F/F, its outputs 
furnish -i-OSC START and -OSC START. The -i-OSC START 
signal goes to the VFI PCB, is used, where it enables the counters 
to start count-up as described in 5.3.3. The —OSC START signal 
is furnished to the VFO PCB, where it turns the VCO on. Since 
the Start F/F is set by a file data pulse it is here that the 
synchronization of the VCO with the second file data pulse 
occurs; the VCO starts coincident with a file data pulse, as 
described in 5.3.6. 

As previously explained, the trailing edge of the first file data 
pulse sets F/F F3-5. Its Q output triggers the 20 ms one-shot 
multivibrator J15. Its output, the —HI GAIN signal, goes low. 
This is sent to the VFO PCB where it increases the gain of the 
Phase-Locked Loop by a factor of about five for 20 ms as 
described in 5.3,6. This allows frequency correction to be 
accomplished within 20 ms. The output of the 20 ms one-shot 
also is applied to JK F/F F3-12, keeping its Q output low for the 
first 20 ms of VFO operation. This prevents the separated 
-READ DATA and -READ CLK pulses from being gated 
through to the interface until after frequency correction has been 
accomplished. 

5.3.5.2 Phase Comparator 

The Phase Comparator compares the time of occurrence of 
each file data pulse with the negative-going edge of the 2F REF 
clock signal, and issues a lead or lag error signal if the file data 
pulse arrives early (lead) or late (lag). The error signals are sent to 
the VFO PCB where they adjust the frequency of the VCO as 
described in 5.3.6. 

The Phase Comparator consists of a pulse slimmer circuit, a 
Lead-Latch F/F, a Lag-Latch F/F, and associated circuitry. 



The pulse slimmer narrows the file data pulses to about 15 ns, 
and includes four inverting amplifiers at H3, an RC network, and 
NAND gate HI 5-3. Between pulses, capacitor J6 charges to 
approximately 4.5V. An incoming file data pulse results in a high 
at pin 1 of NAND gate HI 5 and a low at H3-4. However, NAND 
gate H15 will gate the first part of the pulse through until 
capacitor J6 discharges to below the threshold level of the NAND 
gate. This results in a file data output pulse of about 15 ns at 
HI 5-3. 

The Lead Latch F/F consists of A15-3 and A3-6. At the 
beginning of a read operation, the F/F is reset at A3-3 when the 
second file data pulse sets the Start F/F. After that the Lead- 
Latch F/F is set by the file data pulse at A15-2 and reset by -2F 
REF at A3-4. If the low file data pulse arrives at A15-2 while 
-2F REF is high, the F/F is reset and the -LEAD ERR will go 
low. If there is no lead error, — 2F REF will hold A3-4 low and 
A3-6 high even during a file data pulse at A1 5-2. 

The Lag Latch F/F consists of A15-8 and A15-6. It is set by 
file data pulses and is automatically reset after a delay of 
approximately 160 ns, which is one-half the period of — 2F REF. 
This delay is initiated when the -hLAG LT signal is sent to the 
VFO PCB, as explained in 5.3.6. At the end of the delay, the 
-RST LAG LT signal from the VFO PCB resets the Lag Latch 
F/F at A 15- 10. Any lag error signal must be gated through A3-8, 
whose inputs are the inverted reset output of the Lag Latch F/F, 
-2F REF, and the -LEAD ERR signal. When the file data pulse 
sets the Lag Latch F/F, A3-10 is conditioned so that if -2F REF 
goes high prior to the end of the delay period, a —LAG ERR 
signal will be gated to the VFO PCB. If there is no lag error, the 
-RST LAG LT will reset the F/F prior to a high -2F REF signal. 
The -LEAD ERR input to the NAND gate at A3-9 is necessary 
to prevent a large lead error from appearing as a lag error to the 
Lag Latch F/F. 

5.3.5.3 Data Separator 

The Data Separator consists of divide-by-two JK F/F E3-9, a 
data latch at E15-8 and D15-8, a clock latch at D15-3/6, and 
associated gates. 

Once the Phase-Locked Loop is phase locked to the file data 
pulses, these pulses will occur at the negative-going edges of the 
-h2F REF signal. Clock pulses will occur every other -I-2F REF 
cycle. Data pulses will also occur every other -H2F REF cycle (in 
the case of ones), but between the clock pulses. The clock and 
data pulses are separated by applying the file data pulses to two 
NAND gates at H15-13 and H15-2, and applying a data window 
to one of the NAND gates and a clock window to the other 
NAND gate, the two windows being 180" out of phase. The data 
and clock windows are generated by divide-by-two F/F E3-9. 
Normally both the preset and clear inputs are high. The dear 
input is high when the second file data pulse sets JK F/F F3-5. 
The preset input at E3-10 comes from the VFS or VFI PCB, 
whichever is in use. The VFS PCB holds E3-10 high at all times. 
The VFI PCB holds E3-10 high except when the VFI determines 



that it has clock pulses and data pulses confused, as described in 
5.3.3, at which time it applies a low pulse to E3-10, toggling the 
F/F. With highs on both preset and clear, E3-9 is connected to 
toggle on the negative-going edge of each -^2F REF pulse. 
Although the Q output at E3-9 divides the +2F REF frequency 
by two, the signal is modified by the -DATA GT INHIBIT signal 
at D3-10. As explained in 5.3.6, the -DATA GT INHIBIT signal 
is a negative pulse of about 100 ns duration, which is centered in 
time at the negative peaks of the VCO output. Therefore, the 
other input to the NAND gate at D3-10 is low during the first 50 
ns of the high output from E3-9. This results in the positive half 
of the square wave at D3-8 being about 50% wider than the 
negative half. The positive half will be the clock window as it is 
applied to El 5-1. The wider clock window is required because 
clock pulses can move more than data pulses. 

The output at D3-8 is applied to El 5-1 as the clock window. 
Its inversion is applied to El 5-1 2 as the data window. With file 
data being applied to E15-13 and E15-2, the output of E15-1 1 is 
separated data pulses, and the output of El 5-3 is separated clock 
pulses. The data pulses are applied to a data latch at E15-8 and 
D15-8, while the clock pulses are applied to a clock latch at 
D1 5-3/6. The data latch and the clock latch are set by the 
separated data and clock pulses, respectively, but their outputs 
are not gated through B15 pins 6 and 12 until approximately 1/2 
bit time later by the stable — 2F REF pulse which enables the 
three-input NAND gates at B15-2 and B15-3. Jitter can cause a 
variation in the time the latches are set prior to the positive-going 
edge of -2 REF pulse, but since this -2F REF signal gates the 
latch outputs, the signals to the PCB interface are stable and of 
uniform width. Figure 5-32 shows data separator timing. 

5.3.6 1/0-6, Variable Frequency Oscillator (VFO) PCB 

The VFO PCB contains the circuitry necessary to accomplish 
the following: 

■ Generate the triangular wave. This is accomplished by the 
voltage-controlled oscillator (VCO). 

• Convert the VCO output to the 2F REF square wave (VCO 
Clock). 

• Receive, filter, and amplify the lead or lag error signal from 
the comparator. 

■ Apply the lead or lag error signal to the VCO to correct the 
VCO frequency. 

" Generate the —RST LAG LT signal to reset the lag latch in 
the phase comparator. 

• Generate the -DATA GT INHIBIT signal. 

Figure 5-33 shows the VCO in block diagram form. A 
bi-directional current source, shown as -H and —I, is used to 
charge a capacitor with constant current first in one direction and 
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Figure 5-33. VCO Block Diagram 



Figure 5-32. Data Separator Timing 



then in the other, resulting in a triangular waveform across the 
capacitor. Each comparator is triggered when the voltage across 
the capacitor reaches the comparator's reference level, — E or +E. 
Upon triggering of a comparator, the VCO F/F is set or reset, 
depending on which comparator has triggered. Each time the F/F 
is toggled, the direction of current flow through the capacitor is 
reversed. A square wave of the same frequency as the triangular 
wave is available at the output of the F/F as the 2F REF signal. 

Referring to the VFO schematic, the bi-directional current 
source consists of transistors D22, D21, D23, F20 and F22. The 
capacitor across which the triangular wave Is generated is F16. 
The — E comparator consists of transistors J21 and J22, while 
transistors J16 and J17 form the +E comparator. These compara- 
tors are differential amplifiers, with the reference voltages being 
determined by a voltage divider consisting of precision resistors at 
K21, K13, K20 and K12. The voltage divider provides an accurate 
reference for all comparators on the VFO PCB. Therefore, any 
drift in voltage affects all comparators uniformly, cancelling out 
any effort. The VCO F/F consists of two negative logic OR gates 
at H6-6/8. 

Transistor D22 is the reference current source, which adjusts 
the magnitude of the current through capacitor F16, and, 



therefore, the frequency of the triangular waveform. An error 
voltage from the Phase Comparator is applied to the base of D22 
as explained later. This error voltage, together with emitter 
resistors B23 and B22, determine the current magnitude at any 
given time. Transistors D23, D21, F20, and F22 constitute the 
current switch, with D23 being the current source transistor and 
the other three acting as sinks. D21 and D23 act as switches 
controlled by the H6-6/8 F/F. Transistors F20 and F22 provide 
the bi-directionality of the current through capacitor F16. With 
D21 cut off and D23 conducting, F20 and F22 are cut off, 
allowing a positive current flow through capacitor F16. The 
triangular waveform across the capacitor is applied to the base of 
emitter follower H23, whose output is applied to J21 of the 
differential amplifier comparator. When the signal reaches the 
reference amplitude, H6-6 of the F/F goes low, causing D21 and 
D23 to change states. With D21 conducting and D23 cut off, F20 
and F22 are conducting. Since the base to emitter voltages are 
closely matched, the current through F20 will be matched by an 
equal current through F22. Therefore, F22 collector current will 
flow through F16 in the reverse direction. For purposes of this 
description, this current is considered negative. As with the 
positive half cycle, the output of the emitter follower 1-123 is 
applied to the input of the comparators at J16 and J21. The F/F 
is toggled by the low at H6-9 when the signal at the base of J16 
reaches the reference level. 



5-28 



-2F REF and +2 REF are taken from the F/F and furnished 
to the VFC and, in the case of -2F REF, to the VFI. As 
described in 5.2.8, these signals are used to produce stable clock 
and data pulses. 

The operation of the VCO is initiated by the -OSC START 
signal applied to the base of F3. This signal originates in the 
Start-Lock Control circuit on the VFC PCB, and occurs when the 
second data or clock pulse is received on the VFC as described in 
5.3.5. Proper phase synchronization within one data or clock bit 
is provided by transistor F3. When —OSC start goes high, F3 
conducts, placing the base of D21 at approximately 5V. D21 cuts 
off, insuring that the triangular waveform across capacitor F16 
always starts in the positive direction. 

As previously mentioned, the magnitude of capacitor F16's 
charging current is controlled by transistor D22, whose collector 
current is controlled, in turn, by the error signal applied to the 
base. This error signal originates on the VFC PCB as described in 
5.3.5. Referring to the VFO schematic, the lead or lag error signal 
is applied to the base of transistor B5 and A6, respectively. 
Transistors B5, B8, A6, and A8 constitute a current switch which 
determines whether capacitor B13 charges through A6 or dis- 
charges through A8. As will be seen, the charging or discharging 
of capacitor B13 determines the polarity of the error signal 
applied to the base of the current reference transistor D22. 
During the 20 ms high-gain period described in 5.3.5, the input to 
the base of transistor B6 causes it to conduct. This effectively 
places its emitter resistor D7 in parallel with the current switch 
resistor A7, increasing the current through B13 by a factor of 
approximately 5 during the time any error signal is present. This 
greatly increases the sensitivity of the VCO to error signals during 
the first 20 ms, and frequency correction is more rapidly 
accomplished. After initial lock-on, the VCO tracks easily with- 
out the high-gain feature. Transistor D5 merely acts as a clamping 
diode. 

The lead or lag error signals applied to B5 or A6 of the current 
switch are narrow pulses, whose width is proportional to the 
magnitude of the phase error between the 2F REF signal and the 
incoming data or clock bits. Therefore, the charge or discharge 
time of capacitor B13 is proportional to the phase error. 

The combination of B13, B11, and A5 constitutes a filter. 
Transistors A12, A17, and A22 amplify and shift the level of the 
error signal applied to the base of A12 by the current through 
B13. The amplifier has a gain of approximately 3. 

At the emitter of A22, the error signal is a voltage level which 
varies around a nominal -I-2.8V in accordance with the lead or lag 
error. This error signal is applied to the base of D22. It is also 
applied to the base of D20. Transistors D20, D14, D16. D12. and 
D15 constitute a current source and switch for charging and 
discharging capacitor D17 in much the same manner as the VCO 
charged and discharged capacitor F16. Since the emitter resistor 
of D12 is significantly different from the emitter resistor of D15, 



the signal at the emitter of F6 will not have equally sloping edges, 
and will be flattened, as shown on the schematic. The — RST LAG 
LT signal at the collector of F6 resets the lag latch F/F as 
described in 5.3.5.2. 

The -DATA GT INHIBIT signal is generated by transistors at 
J11 and J12. Transistor J1 1 is cut off during the negative peaks 
of the VCO output. This causes J12 to be driven rapidly into 
saturation, resulting in the negative pulse on the collector of J12. 

5.3.7 1/0-2, Receiver/Driver Circuit 2 (RDR2) PCB 

The circuits on this PCB fall into two general categories: 1) 
line receivers which condition cylinder address information and 
two of the commands received from the controller and 2) line 
drivers and associated logic, which provide information to the 
controller about cylinder addressing activities in the disk drive. 

5.3.7.1 Line Receivers 

Nine gated line receivers buffer the cylinder address present on 
the I/O cable when the disk drive is selected and the heads are 
loaded over the disks. Two other gated line receivers on this PCB 
accept -STROBE LINE and -RESTORE LINE pulses issued by 
the controller. 

All 1 1 line receivers are gated by the ANDing of -SELECTED 
and -i-HEAD LOADED. This AND function is provided by F3-3, 
E3-3 and F3-13. —SELECTED originates at the controller as 
-SELECT LINE X(X=1, 2, 3 or 4) and is propagated to RDR2 
by way of RDR1. -i-HEADS LOADED is generated by SL logic 
when the heads are loaded into flying position over their disks; 
this occurs just after the sensor circuits detect that the heads are 
over the disk surface. The circuit that produces -i-HEADS LOAD- 
ED is described in Section 5.3.11. 

The line receivers are 8836 type NOR gates. The high-true 
levels at their outputs are inverted back to low-true levels by 380 
type NOR gates. These low-true outputs are applied to the 
Address Inhibit Gates on AL1 (see Sheet 2 of AL1 diagram). 

The ninth (and least significant) address receiver gate has no 
logic function in Model 43 disk drives, since that line is not 
continuous through the cylinder addressing logic. 

5.3.7.2 Line Drivers 

-ADDRESS ACKNOWLEDGE LINE is a 1 yus pulse that 
notifies the controller that the requested seek has begun. This 
pulse is generated by N ANDing -ADDRESS ACKNOWLEDGE 
OUTPUT (inverted by F15-8) with fhe high level present at E3-3. 
E3-3 is enabled by -SELECTED and -hHEAD LOADED. 

-ADDRESS ACKNOWLEDGE OUTPUT is the gated Q out- 
put of a D-type flip-flop on ALL This flip-flop sets at the 
beginning of a seek if the Address Check logic determines that the 
address received from the controller is valid. The leading edge of 



-ADDRESS ACKNOWLEDGE OUTPUT, which is gated by a 
one-shot on AL1, occurs approximately 500 ns after the leading 
edge of —STROBE is received. The circuit that produces 
-ADDRESS ACKNOWLEDGE OUTPUT is described in Section 
5.3.15. 

If the Address Check logic rejects the cylinder address pro- 
vided by the controller, RDR2 responds with -LOGICAL 
ADDRESS INTERLOCK instead of -ADDRESS ACKNOWL- 
EDGE Line. In this case, the high level at E3-3 gates the set 
output of R/S flip-flop F15-6/H15-8. This flip-flop is set by 
-LOGICAL ADDRESS INTERLOCK OUTPUT. 

-LOGICAL ADDRESS INTERLOCK OUTPUT originates as 
the gated Q output of the D-type flip-flop on AL1 that produces 
-ADDRESS ACKNOWLEDGE OUTPUT. This flip-flop is reset 
by the Address Check logic if the address provided by the 
controller exceeds the legal address. The leading edge of 
-LOGICAL ADDRESS INTERLOCK OUTPUT is gated by a 
one-shot approximately 450 ns after —STROBE arrives at the 
drive interface. 

-LOGICAL ADDRESS INTERLOCK OUTPUT is also 
NANDed by H15-6 on RDR2 with a high level on -ADDRESS 
ACKNOWLEDGE OUTPUT and -READY TO S/R/W OUTPUT 
(inverted by F15-3). -READY TO S/R/W OUTPUT is the result 
of NANDing four conditions on AL2. These conditions are 
-SEEK INCOMPLETE (NOT),h-FILE READY, the reset state of 
the Seek FF and the reset state of the Carriage Positioning FF-2. 
The generation of -READY TO S/R/W OUTPUT is described in 
Section 5.3.14. 

The low level at HI 5-6 enables H15-12. H15-12 is inverted 
twice (by F15-11 and D16-3) to result in -i-ATTENTION LINE. 
-(-ATTENTION LINE is available at pin 10 of RDR2 if the 
Attention option is implemented. 

-READY TO S/R/W LINE informs the controller that the 
drive is in the File Ready condition and that a seek is not in 
progress. This output is generated by D16-5. 

One input to D16-5 is provided by J15-4, which is enabled by 
-READY TO S/R/W OUTPUT and -i-WRITE CHECK (NOT). 
-i-WRITE CHECK is low if no write fault is detected by the R/W 
logic and if no voltage check occurs. 

The other input to D16-5 is provided by either E3-3 or J15-10, 
depending on whether or not the Series 30 Compatibility Inter- 
rupt option is used. If the Interrupt option is not used, jumper 
820* is in place and jumper 021 is not. This causes -READY TO 
S/RAV LtNE to be a function of -SELECT, !f the Interrupt 
option is in use, B21 is substituted for B20*. This allows 
-READY TO S/RAV LINE to be generated whether or not the 
drive is selected. 

-SEEK INCOMPLETE LINE notifies the controller that the 
drive was unable to successfully reach the addressed cylinder. 

"320 is the designator used for thisiumpec on Model 44 drives {RDR2 drawiny 
In Model 43 drives (RDR2 drawing 11645), this jumper is deWgnated D21, 



This output is generated in the same manner as —READY TO 
S/R/W LINE, except for its origin as -SEEK INCOMPLETE 
OUTPUT. -SEEK INCOMPLETE OUTPUT is generated by SR 
logic, which is described in Section 5.3.12. 

The -200 TRACKS PER INCH output is made available to 
the controller by this PCB in Model 44 disk drives. This output 
results from ANDing +HEADS LOADED (inverted) with 
-SELECTED. The AND function is provided by F3-3, E3-3, and 
A16-5. -200 TRACKS PER INCH identifies the disk drive as a 
Model 44; use of this output is intended for applications where 
the system includes a mix of Model 43 and Model 44 disk drives. 

5.3.8 M/0-1, Spindle Drive (SD) PCB 

The Spindle Drive PCB contains the circuitry necessary to 
accomplish the following: 

• unlock the equipment drawer when all necessary interlock 
conditions have been met 

• control rotation of the Spindle Drive Motor, including 
dynamic braking. 

5.3.8.1 Drawer Unlock 

On the standard Series 40 disk drive, the drawer unlock 
solenoid cannot be energized unless all of the following condi- 
tions exist: 

1. The brushes and heads are fully retracted, producing a 
-UNLOCK DRAWER signal at the input to the Spindle 
Drive PCB. 

2. The LOAD/RUN switch is in the LOAD position, removing 
the -i-SPINDLE DRIVE ON signal. 

3. Spindle rotation has stopped, resulting in no input to the 
speed sense amplifier. This produces a low at Speed Sense 
F/F HI 5-4, resetting the F/F. 

4. The -INITIAL RESET line is high, indicating that the disk 
drive supply voltages are in tolerance. 

When all of these four conditions exist, all inputs to NAND 
gate H39-6 are high. The low output from this NAND gate, 
-DRAWER UNLOCK ENABLE, is supplied to the Heat Sink 
PCB through Spindle Drive interface pin 2, where it causes the 
drawer unlock drive transistor to conduct. This places 24V across 
the drawer unlock solenoid in series with a 30O resistor. This is 
sufficient to keep the solenoid energized, but it is pulled in by 
bypassing the 30£2 resistor for 700 ms, allowing increased current 
through the solenoid. 

Bypassing the 3012 resistor is done by the -^DRAWER INTER- 
LOCK PICK signal. When the four interlock conditions previously 
listed were met and H39-6 went low, one-shot multivibrator A39 
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was triggered through A27-3. The period of this one-shot is 700 
ms. Its output is fed through NAND gate A27-6, and it causes 
transistor A13 to cut off. The high signal on the collector is 
supplied to the Heat Sink PCB where it is used to short out the 
30f2 resistor for 700 ms. 

Referring to the Spindle Drive PCB schematic, NAND gate 
H39-6 does not drive the OR gate at A27-3 on disk drives with 
the Desk Top Interlock Option installed. Rather, the drawer 
unlock signal comes from H51-8 through a jumper installed at 
E56 instead of E48. 

5.3.8.2 Spindle Control 

In the following description, reference to 80 Hz signals applies 
to 2400 rpm drives. For 1500 rpm drives, the frequency is 50 Hz. 

5.3.8.2.1 Start-up 

For purposes of this description consider that the disk drive is 
in the LOAD mode, with the spindle stopped. The +SPINDLE 
DRIVE ON signal from the Sequence Logic PCB is low. This low 
Is inverted three times through F15-3, A27-8, and 827-10, 
causing a high on the base of the transistor at J 17. The transistor 
conducts, and the PHASE 2B and PHASE 2A lines are effectively 
grounded through diodes at D21 and D31. Similarly, the PHASE 
IB and PHASE 1A lines are grounded by transistor J21 conduct- 
ing. The high on the base of J21 is obtained by a high output of 
NAND gate HI 5-11 which in turn is caused by a low on HI 5-3. 
Both inputs to OR gate H15-3 are high, since the low +SPINDLE 
DRIVE ON signal is inverted by F15-11. The resulting high is 
applied to HI 5-1 and also resets the Speed Sense F/F at HI 5-6 
placing a high on HI 5-2 also. 

When the LOAD/RUN switch is set to the RUN position, 
-i-SPINDLE DRIVE ON goes high. Since -INITIAL RESET is 
already high, the -fSPINDLE DRIVE ON signal is gated through 
F15-3, A27-8and B27-1Q to remove the ground from the outputs 
of the Phase 2 amplifiers. The -i-SPiNDLE DRIVE ON signal is 
also gated through F15-11, H15-3, H15-11, and B27-11 to 
remove the ground from the outputs of the Phase 1 amplifiers. In 
addition to ungrounding the amplifier outputs, the +SPINDLE 
DRIVE ON gates the 80 Hz drive signals to the amplifier inputs. 
The 80 Hz Phase 2 square wave from the Oscillator PCB is gated 
through F27-3, inverted at F39-4, and applied to the Op Amp at 
E39-2. The output of the NAND gate at F27-3 is also inverted at 
F27-6, reinverted at F39-2, and applied to the Op Amp at E39-6. 
Since the square wave at E39-6 has experienced one more 
inversion than the signal at E39-2, the two inputs (and hence the 
outputs) are 180° out of phase. These Phase 2 amplifiers drive 
power amplifiers on the Heat Sink Assembly which, in turn, drive 
the Phase 2 winding of the spindle drive motor. 

The 80 Hz Phase 1 square wave is also furnished to Op Amps 
as two signals 180° out of phase. However, since the Phase 1 
winding of the motor is also used for dynamic braking, gating of 



the Phase 1 square wave is different than that of Phase 2. The 
-i-SPINDLE DRIVE ON signal, after being inverted at F15-3, is 
applied to the clear inputs of the Phase 1 flip-flops, J39-5 and 
J39-9. The low Q output at J39-9 drives H39-10 high. The pin 
12/13 input to this NAND gate also went high when the 
-i-SPINDLE DRIVE ON signal was inverted at F15-11 and gated 
through HI 5-3. The 80 Hz Phase 1 square wave applied to H39-9 
is gated through H39-8 and F27-1 1 . Phase splitting is accomplish- 
ed in the same manner as for Phase 2. The spindle drive motor 
now has both windings driven, and is coming up to rated speed. 
When it is within 50% of rated speed, the 4-SPEED OK signal is 
generated on the Sequence Logic PCB as described in 5.3.1 1 . This 
is applied to a NAND gate at F15-9 on the Spindle Drive PCB, 
where it is NANDed with the -nSPINDLE DRIVE ON signal. The 
output at F15-8, after inversion at B27-3, is applied to the base of 
a transistor at A5, causing the transistor to conduct. The collector 
is placed effectively at ground. This fires a triac on the Heat Sink 
Assembly, bypassing two resistors in series with the Phase 1 
winding of the motor. The resistors in series with the Phase 2 
winding are similarly bypassed by a low on the base of the 
transistor at A9 on the Spindle Drive PCB. With these four 
resistors bypassed, the spindle drive motor comes up to rated 
speed. The output of the Speed Sense Op Amp at H8-7 is high, 
which has reset the Speed Sense F/F (HI 5-6 low, A27-11 high). 

5.3.8.2.2 Spindle Motor Braking 

When the LOAD/RUN switch is set to the LOAD position, the 
spindle drive motor is braked to a stop in approximately 15 
seconds. This is accomplished by grounding the Phase 2 winding 
and passing a DC current through the Phase 1 winding. 

Referring to the Spindle Drive PCB schematic, the -i-SPINDLE 
DRIVE ON signal goes low when the LOAD/RUN switch is set to 
the LOAD position. This has the immediate effect of turning off 
the full-current transistors A5 and A9, and blocking the drive to 
the Phase 2 amplifiers by means of lows on F27-2 and F27-5. 
This grounds the Phase 2 amplifier outputs through a high on 
827-10. T.he inputs to the Op Amps at E39-6 and E39-2 are low. 

Drive to the Phase 1 Op Amps is not immediately removed. 
When -HSPINDLE DRIVE ON went low, a high was applied 
through F15-3 to the clear inputs of the Phase 1 flip-flops at J39, 
allowing them to toggle with the next clock input (Phase 1 drive) 
from the Oscillator PCB. The F/Fs count two Phase 1 pulses and 
then remove the low from HI 5-9. Since HI 5-10 is also high, 
NAND gate H39-10 is disabled by the low on pin 10, and no 
further 80 Hz drive reaches the Phase 1 amplifiers. Delaying Phase 
1 turn-off for two cycles is necessary to insure that the triacs are 
off before dynamic braking starts. With H39-8 high, F27-11 is 
held high, resulting in a low input to pin 2 of the Phase 1A 
amplifier. The low on pin 2 sets the output on pin 1 high. The 
input to the Phase IB amplifier is kept high at this time through 
Speed Sense F/F H15-6, OR gate H15-3, NAND gate H15-1 1, and 
NAND gate F27-8. The high on D39-6 drives the output at pin 7 
low, and a DC braking current is passed through phase 1 of the 



spindle drive motor. It should be noted that the outputs of the 
Phase 1 amplifiers are not yet grounded, since transistor J21 is 
still held cut off by the output of the Speed Sense F/F at HI 5-6. 

As the spindle drive motor stops, the voltage between the 
SPEED SENSE B AND SPEED SENSE A inputs to the PCB drops 
to zero. At this point the Speed Sense F/F is set by a low input at 
H15-4. The high at H15-2 causes the input to the Phase IB 
amplifier to go low and transistor J21 to ground the amplifier 
outputs. 

5.3.9A M/0-2, Oscillator (OR) PCB No. 11414 

The purpose of the Oscillator PCB is to furnish the stable 
square waves of several frequencies for use in other Series 40 
circuits. Specifically, the frequencies and uses are as follows: 

• 480 kHz to drive the carriage position transducer. 

• 480 kHz for demodulation of the carriage position trans- 
ducer output. 

• 60 Hz for the brush motor. 

• 80 Hz, 2 phases, for the spindle drive motor (50 Hz for 
1500 rpm disk drives). 

The frequency determining element on the Oscillator PCB is a 
1.92 MHz crystal-controlled oscillator, consisting of the crystal, 
two NOR gates at A15-2 and A15-3, and associated circuitry. The 
oscillator oscillates as long as power is applied to the Series 40. 
The oscillator output is applied to a divide-by-four circuit 
consisting of two D-type flip-flops at B15-5 and B15-9. The 480 
kHz output is inverted at B4-8, and applied to the carriage 
position transducer driver. It is also supplied to the Servo PCB, 
where it is used to demodulate the position transducer output. 

Elsewhere in this manual, the frequency of the Phase 1 and 
Phase 2 spindle drive motor power has been specified as approxi- 
mately 80 Hz for 2400 rpm disk drives and approximately 50 Hz 
for 1500 rpm disk drives. These are the synchronous frequencies 
for the drive motor if no slip were present. However, since a 
minor amount of slip does occur, the frequency actually furnish- 
ed to the Spindle Drive PCB is 84 Hz or 51 Hz, selectable by 
installation of a jumper on the Oscillator PCB. The 84 Hz or 51 
Hz is obtained by applying the output of the 1.92 MHz oscillator 
to a series of three divider circuits. 

Referring to the Oscillator PCB schematic, the first divider 
consists of two four-bit binary counters at E39 and E51, a "D" 
type F/F at J27, two 8-input NAND gates at F39 and J39, a latch 
at H39-3/11, and associated gates and other circuitry. Without 
the special gating circuit involving the 8-input NAND gates, the 
combination of the two binary counters and the flip-flop would 
divide by 512 (16 x 16 x 2). However, the circuit is arranged so 
that a count down of 392 is available at F39-8 for use in 1500 



rpm drives, and a count down of 380 is available at J39-8 for use 
in 2400 rpm drives. The presense or absence of a jumper at H22 
determines which of the two 8-input gates drives the latch 
through H39-8. For 2400 rpm drives, the jumper is installed, and 
the resulting low at F39-2 disables the 1500 rpm gate. The low at 
H27-13 is inverted and applied to J39-2, enabling the 2400 rpm 
gate. On 1500 rpm drives, the jumper at H22 is removed, and the 
8-input NAND gate at F39-8 is enabled. 

The output of the latch at H39-1 1 in addition to resetting the 
divide-by- 16 counters E39 and E51, drives the second of the 
three divider circuits. This second circuit consists of a decade 
counter at F27, a four-bit binary counter at E27, and three gates 
at F15 (output pins 11, 6, and 8). The divider circuit has two 
outputs. The first, at E27-11, provides division by 8, and is used 
for 1500 rpm drives. The second output is at F27-11, and 
provides division by 5 for 2400 rpm drives. The output to be 
gated through to the next divider circuit is also selected by H22. 
With the jumper installed F15-11 is disabled and F15-6 is 
enabled, allowing the divide-by-five output to be gated through 
F15-8. 

The last divider circuit consists of two JK flip-flops at El 5 and 
two "D" type flip-flops at D15. This circuit divides the output of 
F15-8 by 12, and furnishes two square waves 90° out of phase at 
84 Hz or 51 Hz. 

The "A" output of binary counter E27 drives another divider 
circuit consisting of two flip-flops at D27, whose output provides 
the 60 Hz brush motor drive power. 

5.3.9B M/0-2, Oscillator (OR) PCB No. 11873 

The Oscillator PCB, P/N 11873, performs the following func- 
tions: 

1. Provides spindle motor drive signals with closed loop 
spindle speed control. 

2. Provides head positioner Transducer Drive and Demodula- 
tor reference signals. 

3. Generates brush motor signals. 

In order to control spindle speed, there must be an accurate 
means of determining speed at any given time. The Oscillator 
Board contains a 1.920 MHz crystal oscillator (D50) whose 
frequency is divided down by a binary counter. Counter F40 is 
connected so that its output becomes a clock to be used within 
the board. The counter divides the crystal frequency by either 
five or eight for spindle speeds of 2400 or 1500 RPM, respec- 
tively. This allows the use of the same count translations and 
board logic for both 2400 and 1500 RPM. 

An Index Mark signal line is provided to the board where it is 
synchronized with the board clock. This Synchronized Index 
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signal is fed into a set of counters entitled INDEX PERIOD 
COUNTER. 

The INDEX PERIOD COUNTER begins running at the clock 
frequency upon arrival of the trailing edge of the synchronized 
index pulse. The counter continues to run until the leading edge 
of the next index pulse. Therefore, monitoring the counter 
content determines the time period between index pulses, and 
thereby spindle rotational speed. This monitoring is done by a 
gating network which translates the counter output into two 
signals, —Slightly Overspeed and —Slightly Underspeed. The 
presence of either of these signals indicates spindle speed Is within 
speed limits of +1/2, -1%. 

Note that the high order translated bit of the INDEX PERIOD 
COUNTER is labeled +This Index Slow. This line is inverted to 
generate +This Index Fast. These two signals are used to generate 
count-up and count-down clocks for an up-down counter entitled 
the SPEED SLIP COUNTER. 

The SPEED SLIP COUNTER contains a number which will be 
a function of spindle motor efficiency and load at any given time. 
The output of the SPEED SLIP COUNTER presets another set of 
counters entitled the SPINDLE DRIVE COUNTER. Note that 
this counter is connected so that a total carry will load in the 
preset number. Therefore, this preset number will determine how 
often the SPINDLE DRIVE COUNTER overflows. 

The occurrence of an overflow clocks the QUADRATURE 
PHASE GENERATOR, which produces two square waves with a 
90° phase relationship. These output signals are routed from the 
oscillator board to be amplified and drive the spindle motor. 
Their frequency will determine spindle speed. 

The SPEED SLIP COUNTER may be preset to a nominal slip 
value. This is done whenever spindle speed was within -1-1/2, —1% 
speed limits and has just passed out of these limits. By doing this, 
speed overshoot during spindle startup is held minimal. When the 
motor is first started and index marks appear, the time between 
them is long. This causes the SPEED SLIP COUNTER to count to 
maximum. The motor will increase in speed and tend to continue 
increasing past optimum. To prevent as much overshoot as 
possible, the overshoot condition is minimized by passing normal 
counting and loading the preset counter to its nominal count. 
This eliminates the necessity for the SPEED SLIP COUNTER to 
count bit by bit from maximum to optimum. The SPEED SLIP 
COUNTER is updated each Synchronized Index when spindle 
speed is out of speed limits +1/2, -1%. When spindle speed is 
within these limits, the counter is updated every sixteenth Index. 
This is done to minimize hunting around optimum spindle speed. 

The Transducer Drive and Demodulator signals have a fre- 
quency of 480 kHz. This frequency is derived by dividing the 
crystal frequency by four. This signal is amplified and fed into 
two current switches, transistors E5 and E7 . The desired slope 
of the output waveform is provided by capacitor E6. Two zener 



diodes, F1 and F2, clip to the top and bottom of each cycle at 
the zener voltage. Transistors E8 and El 2 serve as buffers to send 
the Transducer Drive signal out of the card. The demodulated 
signal is simply the 480 kHz square wave which has been buffered 
with hex inverter E29. 

Brush motor signal generation is derived from a multivibrator 
which consists of a 555 timer I C connected for astable operation. 
The signal is a square wave with a frequency of approximately 60 
Hz. It is fed directly to the I/O connector. 

5.3.10 M/0-4, Temperature Compensator (TC) PCB 

The TC board is used only in Model 44 drives. The circuits 
used on this board sense the temperature of the air brought into 
the drive and generate a head position correction signal, which is 
a function of the drive's ambient temperature. 

This output, designated TEMP COMP VOLTAGE, is used to 
offset the detent position of the R/W head positioning mecha- 
nism when the drive's ambient temperature is above or below 
25°C. Offsetting the detent position compensates for any minor 
differences in expansion characteristics among the various ele- 
ments of the head positioning system that are not corrected by 
the drive's mechanical compensation. 

The circuits responsible for generating TEMP COMP VOLT- 
AGE include the following: 

1. Thermistor, which serves as the variable resistance element 
of a Wheatstone bridge, senses the temperature of the air 
entering the drive and alters its resistance value as a 
function of that temperature. 

2. Operational amplifier H10-7, which senses the error voltage 
at the Wheatstone bridge. This amplifier is compensated for 
an output of OV at an ambient temperature of 25°C. 

3. A noise filter at the output of HI 0-7, consisting of an RC 
network. 

4. Operational amplifier H10-1. This amplifier's gain charac- 
teristic is tailored to satisfy the amplitude requirements of 
TEMP COMP VOLTAGE for its negative and positive 
operating ranges (10°C to 25°C and 25°C to 40°C). 

In order to monitor the drive's ambient temperature, the 
thermistor is located near the air intake port in the front of the 
drive. At normal room temperature (25°C), the resistance of this 
thermistor is 10KS2. 

Resistor F15 is test selected to balance the bridge arKJ to 
compensate for the offset voltages of HI 0-7 so that the output of 
that operational amplifier is OV for an ambient temperature of 
25°C. Resistor F11 may also be test selected and added to the 
ground leg of the circuit if zero offset cannot be established using 
F15. Amplifier H10-7 has a gain of 10. 



Noise filtering of the signal appearing at HI 0-7 is provided by 
resistor F18 and capacitor F20. 

The nonlinear feedback path of the second operational ampli- 
fier, H10-1, consists of resistor J6 in parallel with the resistor- 
diode pair J8 and J9. 

When the ambient temperature is between 25°C and 40°C and 
the required TEMP COMP VOLTAGE is positive, diode J9 is 
reverse biased and the feedback path is formed by J6. For 
temperatures in this range, J6 alone determines the amplitude 
values of TEMP COMP VOLTAGE. 

When the ambient temperature is between 1 0°C and 25°C and 
the required TEMP COMP VOLTAGE is negative, J9 is forward 
biased. For temperatures in this range, J8 is connected in parallel 
with J6 through the forward biased diode J9 to determine the 
negative amplitude values of TEMP COMP VOLTAGE. 

The DC operating range of HI 0-1 was chosen to be large 
enough relative to the forward voltage drop of diode J9 to assure 
that the amplifier's gain conditions are controlled by resistors J6 
and J8. Since this range includes output voltages that are 
significantly higher than the amplitudes required for TEMP 
COMP VOLTAGE, the output of H10-1 is transmitted through a 
voltage divider, consisting of resistors J1 2 and J 14. 

5.3.1 1A IVl/0-5, Sequence Logic (SL) 
PCB No. 11471-00/01 

The Sequence Logic PCB controls the operation of the disk 
drive during start-up and, to a certain extent, during the transi- 
tion from the RUN mode to the LOAD mode. Most of the 
inter-lock functions are controlled on the Sequence Logic PCB. 
Specifically, the Sequence Logic PCB contains the circuitry 
necessary to accomplish the following: 

• Insure that the disk drive cannot be placed in the RUN 
mode until a disk pack is installed and the equipment 
drawer is closed. 

' When all interlocks are satisfied and the LOAD/RUN switch 
is set to the RUN position, initiate disk rotation, brush 
cycle, and drawer lock, and cause the heads to move to 
track zero. 



• When spindle rotation has reached 50% of rated speed, 
cause full rated current to be applied to spindle drive 
motor. 

• When spindle rotation has reached 90% of rated speed, 
cause the heads to load. 

• When the LOAD/RUN switch is set to the LOAD position, 
initiate spindle braking, head unloading and head retrac- 
tion, and condition the drawer interlock circuits to unlock 
the drawer when spindle rotation stops. 

• Insure that the equipment drawer cannot be unlocked 
unless both the brushes and the heads are in the fully 
retracted position (other drawer interlock functions occur 
on the Spindle Drive PCB, as previously described). 

5.3.11. 1A Load-to-Run Sequence 

With power on, a disk pack installed, and the drawer closed, 
the disk drive is ready to be placed in the RUN mode. The 
following conditions exist: 

With the brushes fully retracted, the Brush Cycle I F/F, 
consisting of H39-8 and H39-6, is reset, with the output at H39-8 
high. The Brush Cycle II F/F consisting of E51-11 and E51-8 is 
also reset, with the output at E51-8 high. The disk-pack interlock 
switch and the drawer closed switch, which are in parallel, are 
both open, resulting in a high at NAND gate input F39-4, the 
Start Gate. The Load/Run F/F consisting of D39-12 and J39-6 is 
reset, with D39-12 high and J39-6 low. The pin 5 input to the 
Start Gate at F39 is low, causing the Spindle Drive F/F to be 
reset, with E39-6 low. This low results in a high at the input to 
the OR gate at E39-2. Since the other input to the OR gate at 
E39-1 is low, the 60 Hz brush motor power from the Oscillator 
PCB cannot be gated through B4-11. With the heads fully 
retracted, the Heads Retracted F/F is reset, with H39-3 high. 
Since both inputs to NAND gate E39-11 are high, its output is 
low, resulting in a high at the pin 3 input to the Start Gate. Line 
"A" of Table 5-4 summarizes the more significant conditions 
existing on the Sequence Logic PCB with the disk drive ready to 
be placed in the RUN mode. 

Line "B" of Table 5-4 shows the more significant changes 
which take place when the LOAD/RUN switch is set to RUN, but 



Table 5-4. 
Initial Conditions 



Time 

1 


Load Run F/F 
D39-2 J39-4,5 


Start Gate 
F39-5 F39-3 


Spindle Drive F/F 
E39-4 D39-6 


1 

Drawer Gate 
E39-13 E39-12 


Brush Gate 
E39-1 E39-2 


A 
B 
C 


X -I -I 
-J X X 


X X -I 

-J X X 


X _l -I 
X _l X 


H H 
H H 
L L 


X _J X 

X X _l 
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before the disk cleaning brushes start to move. Actuation of the 
LOAD/RUN switch has set the Load/Run F/F, producing the 
third high at the Start Gate input (F39-5). The output of the 
Start Gate now sets the Spindle Drive F/F. The low at D39-6 is 
gated through D39-8. The low at the output of NAND gate 
D27-1 1, after inversion at F51-4, is sent to the Spindle Drive PCB 
where it causes spindle drive motor rotation. It is also sent to the 
Address Logic 1 PCB, where it causes the heads to move to Track 
Zero. 

The output of NAND gate D27-11 is also gated through 
E27-13, and is sent to the Read/Write Amplifier PCB where it 
resets the write-protect circuits on disk drives with this option 
installed. 

At the same time, the low at the Brush Gate input E39-2 
conditions NAND gates B4-3 and B4-1 1. The 60 Hz square wave 
pulses are gated through B4-11 and applied to the brush motor 
drive gates B4-6 and B4-3. These gates drive two transistors at J8 
and J4. Since one transistor is PNP and the other NPN, two 60 Hz 
signals 180° out of phase are produced. These signals excite 
drivers on the Heat Sink assembly, and the brush motor rotates. 

The +SPINDLE DRIVE ON signal has caused the heads to 
extend toward track zero. Line C of Table 5-4 summarizes the 
conditions which exist as the brushes and heads start to move. 
The Brush Cycle F/Fs have set, as has the Heads Retracted F/F. 
The Brush Cycle I F/F low output at H39-8 has disabled the 
Drawer Gate at E39-13, and the drawer unlock solenoid is 
deenergized. It has also maintained power to the brush motors by 
enabling E39-1, although the other input, E39-2, went high when 
the setting of Brush Cycle II F/F placed a low at E51-2. The 
drawer gate was also disabled by the low at E39-12 when the 
Heads Retracted F/F was set. The high output of the Drawer 
Gate also disables the Start Gate, thereby conditioning the upper 
half of the Spindle Drive F/F. This is required so that the 
Load/Run F/F can later reset the Spindle Drive F/F through 
E39-8. 

At this point it should be noted that the NAND gate at E51-6 
has had a low on one or the other of its inputs up to now, so that 
its output has remained high. 

As the brushes complete their cycle, the Brush Cycle I F/F is 
reset. The Brush Cycle II F/F is maintained in the set condition 
by the low at E51-13. Resetting the Brush Cycle I F/F has placed 
a high at E39-1, disabling the Brush Gate, and the brush motor 
stops. With 'thfe Brush Cycle I F/F reset and the Brush Cycle II 
F/F set, a low now is present at the output of NAND gate E51-6. 

5.3.11.2A Head Loading 

The heads are loaded to their flying position over the disk by a 
-HEAD LOAD ENABLE signal and a +HEAD LOAD PICK 
signal. The pick signal, through a driver circuit on the Heat Sink 
Assembly, pulls in the head-load solenoid with a 48V pulse, while 
the enable signal, also through a driver circuit on the Heat Sink 



Assembly, maintains the solenoid in the energized condition with 
24V across the coll. In order for these signals to occur, the 
following three conditions must exist: 

• the heads must be over the disk 

• the brushes must have completed their cleaning cycle 

• the disk must be rotating at more than 90% of its rated 
speed. 

Referring to the Sequence Logic PCB schematic these three 
conditions are AIMDed at F39-12. The +HEADS OVER DISK 
signal, developed on the Sensor PCB, is applied to the NAND gate 
at F39-1. The high at F39-2 occurs at the end of the brush cycle, 
when the Brush Cycle flip-flops are reset producing highs at 
H39-8 and E51-11. The -HEAD LOAD ENABLE signal will then 
be gated in the Q output of the Up-to-Speed F/F as D1 5-9 goes 
high. 

As the disk starts to rotate, index marks are generated on the 
Sensor PCB, and are furnished to pin T of the Sequence Logic 
PCB, where they drive a divide-by-two circuit consisting of F/Fs 
at D15-3 and B27-11. The output at B27-8 drives an integrator 
circuit consisting of three type 558 Op Amps and associated 
circuitry. The capacitor at A25 is the integrating capacitor. As the 
speed of disk rotation increases, so does the frequency of the 
index marks. When the disk has reached approximately 50% of its 
rated speed, the capacitor at A25 discharges enough to make the 
input to the Op Amp at D52-6 go negative. The high output of 
this amplifier is fed to the D input of the Up-to-Speed F/F at 
J51-9, which was previously cleared by the -INITIAL RESET 
signal. With high D input, this F/F is toggled by the next clock 
pulse furnished from the Q output of divide-by-two F/F D15-5. 
When the Q output of F/F J51-9 goes low, it generates the 
-^SPEED OK signal, which is sent to the Sensor PCB, where it is 
used to apply full power to the spindle drive motor. When the 
disk has reached approximately 90% of rated speed, the level of 
charge on capacitor A25 will be sufficient to drive the output of 
Op Amp A52-1 high. This high is applied to the "D" input of 
Head-Load Enable F/F D15-9, which is then toggled by the next 
clock pulse from the divide-by-two F/F D15-5. When the 
Head-Load Enable F/F toggles, its Q output furnishes the 
remaining high at the input to the NAND gate at F39-13, and the 
-HEAD LOAD ENABLE signal is generated. The output of the 
NAND gate at F39-12 is inverted and used to trigger a one-shot 
multivibrator at A4. The Q output of the multivibrator is ANDed 
with the high Head Load Enable signal at B4-8, and drives the 
head load pick transistor at J12. This transistor conducts 
furnishing the -i-HEAD LOAD PICK signal. At the end of the 
period the Q output of the multivbrator goes high. This is ANDed 
with the high Head Load Enable signal at D27-3, which is applied 
as a low to the "D" input of the Heads-Loaded Signal F/F B27-5. 
At the next clock pulse, the output of B27-5 goes high. This is 
ANDed at D27-8 with the high Head Load Enable signal and 
results in the -hHEADS LOADED signal at E27-2. This signal is 
sent to the Read/Write Amplifier PCB, where it is ANDed with 



the not-write-fault signal to produce -fFILE READY. It is also 
sent to the RDR2 PCB where it is used to condition various 
functions. 

The low output of the NAND gate at D27-8 is also sent to one 
input of the OR gate at D39-11, where it is used to insure that 
the -+SPINDLE DRIVE ON and -fSPINDLE ENABLE signals are 
maintained while the heads are loaded. 

5.3.1 IB M/0-5, Sequence Logic (SL) PCB 
No. 11471-02/03 

The Sequence Logic PCB, P/N 11471, controls the operation 
of the disk drive during start-up and, to a certain extent, during 
the transition from the RUN mode to the LOAD mode. Most of 
the interlock functions are controlled on the Sequence Logic 
PCB. Specifically, the Sequence Logic PCB contains the circuitry 
necessary to accomplish the following: 

• Insure that the disk drive cannot be placed in the RUN 
mode until a disk pack is installed and the equipment 
drawer is closed. 

• When all interlocks are satisfied and the LOAD/RUN switch 
is set to the RUN position, initiate disk rotation, brush 
cycle, and drawer lock, and cause the heads to move to 
track zero. 

• When spindle rotation has reached 95% of rated speed, 
cause the heads to load. 

• When the LOAD/RUN switch is set to the LOAD position, 
initiate spindle braking, head unloading and head retrac- 
tion, and condition the drawer interlock circuits to unlock 
the drawer when spindle rotation stops. 

• Insure that the equipment drawer cannot be unlocked 
unless both the brushes and the heads are in the fully 
retracted position (other drawer interlock functions occur 
on the Spindle Drive PCB, as previously described). 

5.3.11. IB Load-to-Run Sequence 

In the LOAD condition, the spindle and brush motors are 
stopped, the heads are unloaded and retracted, and the Disk Pack 
Interlock line is active. The following latches will be in the reset 
state: 

Heads Retracted latch F8-8/11 (zone G) 
Load/Run latch F8-3/6 (zone C14) 
Spindle Run E18-6/E18-12 (zone C12) 

Notice the low output from pin 6 of the Spindle Run latch 
combines with the -Reset signal in gate E18-8 at zone C1 1. The 
resulting high from E18-8 goes to zones H4, J4, and K4 to 
directly reset 3 "D" type flip-flops in the speed control logic. 
This assures Speed Greater Than 95%, Speed Within 2%, and the 



Speed O.K. signals will always be in the reset condition when the 
Run Sequence begins. 

The Allow Brush Cycle latch at zone E12 is set by ANDing the 
+Brushes Home signal and the high output of the Load/Run latch 
F8-3. This is in preparation for the Run Sequence. 

Transferring the LOAD/RUN switch to the RUN position sets 
the Spindle Run latch at zone C12. (See Figure 5-33A for timing 
sequence) The -t-Spindle Run line goes high, and combines with 
-i-Allow Brush Cycle and No Reset in gate F18-8 at zone Ell. 
These conditions AND with Brushes Home in gate E18-11 to 
provide the H-Brush Motor On signal. This line AND's with the 
-H60 Hz signal to provide a 60 Hz drive to the bases of transistors 
B48 and B53 at zone D4. These transistors are driven 180° out of 
phase, and provide 60 Hz current for the brush motor. Thus, 
when the H-Brush Motor On line goes high, the brush motor starts, 
and the brushes begin their excursion over the disk. As they move 
out, the brush transfers. Brushes Home latch D1 8-3/6 at zone 
E14 resets, and the set output (D18-3) goes low to hold the 
H-Brush Motor On line high and active. Notice this line is inverted 
by F29 at zone E10, and this low output disables AND gate B8-6 
(zone G10) for Head Load Pick, thus preventing head loading 
while the brushes are extended over the disk. When the brushes 
complete the cycle and the brush switch transfers back to bring 
the brushes home line high, AND gate E18-11 at zone Ell is 
satisfied, and the H-Brush Motor On output goes low. This output 
will de-gate the 60 Hz line to the brush motor drivers. (The Allow 
Brush Cycle latch cannot set again with +Brushes Home since the 
Load/Run latch is in the Run state.) 

When Spindle Run was activated and the brush cycle began, 
the H-Spindle Run line also triggered the 200 ms Head Retract 
Delay at zone BIO. The delay has no significance in the Start 
Sequence, but is necessary when the LOAD/RUN switch is 
transferred to the LOAD position. When Load becomes active, 
(Stop Sequence), the Spindle Run latch resets and feeds a low 
input to gate E18-8 at zone C11. The output of this gate (test 
point 9) directly resets the three speed flip-flops. When the Speed 
Equal to or Greater Than 95% flip-flop resets, it disables the gate 
providing Head Load Enable (test point 6) at zone G10, and the 
heads unload. To insure complete unloading of the heads before 
the disk rotation slows down, the Retract Delay is triggered when 
the Spindle Run latch resets. This holds +SPINDLE ENABLE and 
H-SPINDLE DRIVE active (high) for 200 ms after the head load 
enable goes inactive to unload the heads. At the end of the 200 
ms delay, the Allow Brush Cycle latch sets. Spindle Run latch 
resets holding a reset on the three speed flip-flops, the heads are 
unloaded and retracted, and spindle drive goes off. Approxi- 
mately 1 second later, the heads are fully retracted and the Heads 
Retracted latch at zone G12 sets. This enables Unlock Drawer 
gate A8-8 at zone E9. The output of this gate, -UNLOCK 
DRAWER, is sent to the Spindle Drive Board, M01, as one enable 
to the drawer unlock solenoid driver. (The solenoid will pick 
when the spindle has stopped rotation AND the -UNLOCK 
DRAWER signal is active.) At this time the Stop Sequence is 
complete. 
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START/STOP SEQUENCE 
PN 11471-02 a 03 



START 



+ RUN FI3-6 



200ms + 50ms 
DELAY 



+SPINDLE ENABLE CI8-I2 
+ SPINDLE DRIVE ON D29-6 



BRUSH CYCLE COMPLETE 
APPROX. 60 SEC. 



+ BRUSH MOTOR ON EI8-II 



APPROX. 50% RATED RPM 



+ SPEED OK OUTPUT 14 



APPROX. 98% 
OF RATED RPM 



+ SPEED WITHIN +2% TP-3 



-HEAD LOAD ENABLE OUTPUT 16 



>- » ■ PICK l.4sec. +200ms 



J L 



+ HEAD LOAD PICK OUTPUT M 



■+ HEADS LOADED OUTPUT R 



-UNLOCK DRAWER OUTPUT C 

NOTES 

1. 200m( DELAY ON SPINDLE ENABLE AND SPINDLE DRIVE ON 
IS TO ENSURE HEADS UNLOADED BEFORE SPINDLE TURNS OFF 

2. HEAD LOAD PICK^ l.4HC.t200m.s. 



STOP 



200 ms +50ms 
DELAY 



10 TO 12 SECONDS 
AFTER +RUN GOES LOW 



Figure 5-33A. Start/Stop Timing Sequence 



5.3.11. 2B Spindle Speed Monitoring 

Timing diagrams, showing both the normal and abnormal 
speed conditions of the standard 2400 RPM and optional 1500 
RPM spindle speed monitoring logic, are provided in Figure 5-33B 
through 5-33E. 

Basic timing control for monitoring spindle speed is a clock 
signal derived from a Type 555 free running multivibrator shown 
at zone K16. Since the time period is critical, a one percent 
tolerance resistor (A43) is used for trimming. The resistance is 
selected to provide a 195.3 ± 0.3 jus time period. The clock signal, 
(test point 2 at zone K15), is connected to the "A" input of bit 
binary counter B4Q, shown at zone K14. Counter outputs QA, 
QB, QC, and QD correspond to binary bits 1, 2, 4, and 8. This 
counter divides the basic clock by 5 for 2400 RPM use, or by 8 
for the 1 500 RPM option. The bit 4 output, QC, goes through an 
inverter and a gate to the "A" input of a second four bit counter, 
D40. Notice this line also is connected to test point 10 at zone 
LI 2. Each time the bit 4 output of B40 makes a complete 
transition, (low to high to low), the second counter advances by 
one. The bit 4 output of B40 also feeds one input of AND gate 
F40 at zone LI 2. The second input to this gate is bit 1 of the 
counter. When the counter advances to a count of 4, test point 10 
will go low, and advance the second counter. When B40 reaches a 
count of 5, the output of AND gate F40 goes low and resets 
counter B40. The counter thus counts to 5, resets itself, and 
starts counting again. Each time it counts to 5, the second 
counter advances by one: 

If the drive has the 1500 RPM option, a 10S2 resistor is placed 
in location F49 at zone LI 3. This holds a low input on the reset 
gate, thus, a count of 5 will not reset the counter. In this case, 
B40 will count to 4, and the bit 4 line will go high advancing the 
second counter. The bit 4 line will stay high through counts of 5, 
6, 7, and go low when the counter reaches 8. At this time the QD 
output goes high, is inverted by F29-2, and resets the counter. 
B4G then counts to 8, resets itself, and begins counting again. 
During each count to 8, the second counter advances by one. 

For the standard 2400 RPM machine, the time period for the 
waveform at test point 1 is .975 to 0.978 ms. For the 1 500 RPM 
option, (divide by 8), the time period at test point 10 will be 
1.560 to 1.565 ms. 

D40 and C40 are connected as an 8 bit binary counter. Notice 
the reset inputs of all three counters and the multivibrator reset 
are all connected to the Index Mark line. This provides a binary 
time count from the trailing edge of one index pulse to the 
leacfing edge of the next, By translating the counts between index 
pulses, index time periods and disk rotational speed may be 
determined. Three counts are translated and used in speed 
monitoring. These counts are: 24, equal to or greater than 26, 
and 64. Notice the QC output of C40 (bit 64) is inverted by 
CI 8-4 and is ANDed with the divided clock signal by gate A8-3 
(zone K12). When the disk first starts rotation, rotating speed is 
slow and there is a long time period between index pulses. When 
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2400 RPM SPEED MONITORING CIRCUIT 
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Figure 5-33B. 2400 Spindle Speed Monitoring Logic Timing Diagram (Speed Not OK, < 96%) 



2400 RPM SPEED MONITORING CIRCUIT 
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Figure 5-33C. 2400 RPM Spindl^ Speed Monitoring Logic Timing Diagram (Speed Within ±2%) 



the counter reaches a count of 64, clock inputs to the counter are 
de-gated, and the counter stops at the 84 count. The inverted 64 
line, (-Count > 64), is connected to the "D" input of flip-flop 
C29 at zone H4. Clock input to this flip-flop is index. The next 
index will reset the flip-flop, and the -I-SPEED OK line will go 
inactive or low. This continues until the next index pulse occurs 
before the counter reaches 64. At this time, the -hSPEED OK line 
will go active and high. This is used to shift the spindle drive 
motor from a low speed mode to a high speed mode. 

Two other "D" type flip-flops, A29-9/8 and A29-5/6, are also 
clocked by index pulses. Significance of flip-flop A29-9/8 is 
"Spindle Speed is Equal to or Greater Than 95% of full speed". 
(This will be used to time head loading.) The pin 5 output of 
flip-flop A29-5/6 will be high, or active, at any time spindle speed 
is within ± 2% of full spe6d. 

AND gate E29 at zone J6 translates "Counter Equal to or 
Greater Than 26". (For standard 2400 RPM rotation, 0.975 to 



0.978 ms pulses advance the counter.) The next clock pulse will 
set "D" type flip-flop A18-5/5 at zone J5. Test point 5 will then 
go low the determined time after the trailing edge of index. If the 
next index pulse occurs after this time, the test point 1 flip-flop 
will be reset, indicating that disk rotation is still less than 95% of 
full speed. When the disk speeds up so that index pulses occur less 
than 5% below full speed, the counter will not reach a count of 
27, (count 26 plus one more clock pulse to set the test point 5 
flip-flop), and test point 5 will be high when the next index pulse 
occurs. This will set the 95% speed flip-flop. As long as disk 
rotation does not slow below 5% of the rated RPM, test point 1 
will remain high, indicating speed is greater than 95%. 

When the counter reaches 24, the "D" input of flip-flop 
A29-5/'6 will go high, if an index pulse occurs after this, the 
flip-flop will set with index, and the Q output (test point 3) will 
go high, indicating the disk is within 2% of full speed. Since the 
"D" (pin 12) input to flip-flop A18-9/8 will be high only during a 
count translation of 24, index pulses must occur within one 



count time period for flip-flop A29-5/6 to set. Count pulses as 
seen at test point 10 for the standard 2400 RPM machine will 
have a 0.975 to 0.978 ms time period. If index pulses do not fall 
within that range, test point 3 will go low, and cause the 
-(-HEADS LOADED line at zone G5 to go low. This will cause the 
File Ready line to go inactive, and turn the Ready Light on the 
front panel off. If spindle speed slows to more than 5% below 
rated speed, test point 1 will go low, disable the AND gate B8-6 
at zone G10, and cause test point 6 and the -HEAD LOAD 
EIMABLE line to go high and unload the heads. 

5.3.11.3B Head Load/Unload 

When the Load/Run switch Is in the Load Position, the 
carriage and heads are fully retracted to allow changing disk 
cartridges. (The head load solenoid is de-energized and the heads 
unloaded before the carriage is retracted.) When the Load/Run 
switch is placed in the Run position, the spindle drive motor is 
energized and the spindle starts rotation. At the same time, the 



carriage begins moving forward, extending the head arms and 
heads over the disk surface. The servo will lock on, or electrically 
detent, when the head gaps are located over track zero. The 
-hHEADS over DISK line at zone G17 will go active or high at 
this time providing one input to AND gate B8 at zone G10. The 
pin 3 output to this AND gate will go high when the speed 
monitor (test point 1 at zone J4) detects 95% of full rotational 
speed. The pin 5 input to 88 will go high when the brushes have 
completed their cycle and are retracted out of the disk area. At 
this time, test point 6 at zone G9 will go low activating the 
HEAD LOAD ENABLE line. This line is routed to the Heat Sink 
to enable holding current to the head load solenoid. The —HEAD 
LOAD ENABLE line is inverted by C18-6 at zone F6 and 
provided as the pin 1 input to B18-3. The second input to the 
AND gate is from the Head Load Pick timer E40. This timer is 
triggered when test point 6 (-HEAD LOAD ENABLE) at zone 
G9 goes low. The timer will stay set for a period of 1 .4 sec ± 200 
ms and provide a high current pick signal for the head load 
solenoid for that time. The output of the timer is also inverted by 
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Figure 5-33D. 1500 RPM Spindle Speed Monitoring Logic Timing Diagram (Speed Within +2%) 



AND gate B8-12 to partially enable +HEADS LOADED AND 
gate B8-8 at zone G5. The +HEADS LOADED line will activate 
(go high) when: 

The disk is within 2% of full speed, and 

Head Load Enable is present, and 

Head Load Pick delay has timed out. 

The -HEAD LOAD ENABLE line will go high or inactive and 
cause the heads to unload under any of the inree following 
conditions. 

1. The disk rotational speed drops under 95% of full speed. 

2. The +Brush Motor On signal goes active. 

3. The +HEADS OVER DISK line goes low or inactive. 



5.3.12 M/0-6, Sensor (SR) PCB 

The Sensor PCB contains the circuits necessary to accomplish 
the following: 

• Process the outputs of the home sensors to produce the 
+HEADS OVER DISK, +HEADS OVER TRACKS, and 
+ZERO TRACK SENSING signals. 

• Monitor current in the linear motor, and generate a —SEEK 
INCOMPLETE signal and a -SERVO DISABLE signal if 
the current is excessive. 

• Monitor the level of the 5-, 15- and 24-volt supplies, and 
issue a —INITIAL RESET signal when any of these voltages 
are out of tolerance, including during the initial power-on 
period. 
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Figure 5-33E. 1500 RPM Spindle Speed Monitoring Logic Timing Diagram (Speed Not OK, < 96% 



Accept, amplify, and shape the outputs of the index 
transducers. 

Produce Spindle Drive Cut-off signals during the initial reset 
period. 

Separate the index and sector marks received from the 
lower index transducer, and provide these index and sector 
marks to other Series 40 PCBs, as required. 

On the standard Series 40 configuration, furnisn the index 
marks of the selected disk to the interface via the RDR1 
PCB. 

If the Sector Counter Option is installed, furnish unsepa- 
rated upper-disk index and sector marks to the RDR1 PCB, 
where separation is accomplished. 



• Furnish the Sequence Logic PCB with sector and/or index 
marks from the selected disk. 

5.3.12.1 Voltage Monitoring and Initial Reset 

The voltage monitor consists of transistors at B14 and B17, a 
capacitor at A27, and associated diodes, zener diodes, and 
resistors. When power is first applied to the disk drive, and before 
voltages have risen to their within-tolerance values, the five diodes 
at A6, AS, A 10, A 16, and A18 conduct. The six zener diodes at 
B6, B8, BIO, A21, A23, and A25 are reverse biased, but not 
sufficiently so to conduct. The currents through the resistors at 
All, A17, and A19 cause a voltage drop across the resistors 
sufficient to keep the transistors at 814 and 817 cut off. The 
capacitor at A27 charges toward 15V. When the voltage supplies 
are within tolerance, the zeners are sufficiently reverse biased to 
conduct. This places reverse bias on the regular diodes, and they 
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cut off. With the negative voltage removed from the base of B14, 
and the positive voltage removed from the emitter of B17, the 
transistors conduct. Capacitor A27 discharges through B14 and 
B17. The voltage across the capacitor, then, has risen from zero 
when the power was initially applied, to some positive value when 
the voltages reached their In-tolerance values, and then dropped 
to zero. This is the collector voltage waveform of 81 4, and is the 
Initial Reset signal. It is approximately trapezoidal in form. If any 
of the supply voltages should fall below tolerance, the corre- 
sponding zener diode or diodes will cut off, and the transistors 
B14 and B17 will cut off. In this case, another Initial Reset signal 
will result. 

The Initial Reset signal at the collector of B14 is applied to the 
base of the transistor at B32, which was originally cut off. B32 
conducts during the Initial Reset pulse, and this signal is fed 
through D42-2 and E42-3/11 to the Sensor PCB interface as a 
negative-going pulse. The signal on the collectors of B14 and B32 
are also supplied to spindle-drive-cutoff transistors at B43 and 
B47, causing them to conduct. This effectively places the col- 
lectors of B43 and B47 at ground, holding the spindle drive cut 
off during initial reset. 

The ground in the collector circuit of B43 and B47 is also 
applied through diodes B40 and E40 to the SERVO DISABLE 
line, disabling the servo during initial reset. 

5.3.12.2 Lower Index Mark Separation 

The output of the lower index transducer consists of unsepa- 
rated analog index pulses and sector pulses. These analog signals 
are applied to Schmidt Trigger amplifier H12-10, whose output 
will be positive pulses clamped to -i-5V and ground. These pulses 
are applied to a one-shot multivibrator at El 2, which is triggered 
by the trailing edge of the pulses. The period of the one-shot is 40 
jUs, and its positive output pulses are termed index marks or 
sector marks, depending on which slot on the disk hub produced 
the pulse. 

The unseparated index and sector marks at the Q output of 
E12 are applied to a separator circuit consisting of another 
one-shot multivibrator at K30 and two NAND gates, J30-6 and 
J30-3. The one-shot multivibrator is a type 74121 connected so 
that it will trigger on positive-going pulses at the "B" input. Its 
timing components give it a period of about 850 jus. 

For purposes of this description, assume that the first output 
of the one-shot at E12 is a sector mark. Prior to arrival of the 
sector mark K30 is in its stable state. Its low Q output disables 
J30-4, and its high Q output enables J30-1 . The high output of 
J30-3 is applied to the "B" input of the one-shot. When the 
sector mark arrives, it is gated through J30-3 and is applied as a 
negative pulse to H30-9/10. The low at J30-3 is also applied to 
the input of the one-shot. However, it does not trigger at this 
time, since it is connected to trigger on positive-going pulses. At 
the end of the sector mark, however, J30-3 goes high, triggering 



the one-shot. The Q output goes high and the Q output goes low, 
conditioning J30-4 and disabling J30-1 for approximately 850 jus. 
If the next output of the 40^15 one-shot at E12 is an Index pulse, 
it will arrive within the 850 /us period, and will be gated through 
J30-6. However, if it is a sector mark, the 850 /us one-shot will 
have timed out, and the pulse will be gated through J30-3 as 
before. It can be seen that lower disk sector marks will appear at 
H30-14, and that lower disk index marks will appear at E30-3. 

In the standard configuration the lower sector marks and 
lower index marks are supplied to the sector counter via Sensor 
PCB interface pins M and E, respectively. The Lower index mark 
is also furnished to the Sequence Logic PCB via pin T, and to 
NAND gate E30-5. The other input to the NAND gate at E30-4 is 
the DISK SELECT signal. If the lower disk is selected, the index 
mark is gated through to Sensor PCB interface pins 1 1 and 1 2. 

If the disk drive has the Sector Counter Option installed, the 
jumper at F35 is removed, and the lower index marks are 
supplied only to Sensor PCB interface pins E and T. The jumper 
at F34 is installed, and the lower sector marks are supplied to 
E30-5, instead of index marks. When the lower disk is selected, 
the sector marks are gated through E30-8 to Sensor PCB interface 
pin 12. They are not applied to interface pin 11, since the jumper 
at F29 is removed. 

5.3.12.3 Upper Disk index and Sector Marks 

Upper disk index transducer pulses are amplified and applied 
to a 40 /us one-shot multivibrator in a manner identical to that for 
the lower disk. However, since there are no sector slots (and 
hence no sector marks) in the standard configuration, there is no 
separator circuit. Upper disk index marks are applied through 
jumper F31 to the input of the NAND gate at E30-11. If the 
upper disk is selected, the index marks are gated through to 
Sensor PCB interface pin 11. 

If the Sector Counter Option is installed, there is a jumper at 
F30 and none at F31 or F29. Unseparated index and sector 
marks are then Inverted at D30-3/4 and applied to the RDR1 PCB 
via Sensor PCB interface pin 11. The index and sector marks are 
separated on the RDR1 PCB as previously described, and the 
separated upper sector marks are returned to the Sensor PCB 
interface pin D. Separated index marks will be routed to the 
Sector Counter PCB, and will be gated to the I/O interface by the 
DISK SELECT signal. 

The jumper at F32 is installed and the sector marks are applied 
to E30-12. When the upper disk is selected, they are gated 
through to interface pin 12. 

5.3.12.4 Servo Disable and Seek Incomplete 

If the servo motor should draw excessive current, this is sensed 
on the Heat Sink PCB, which furnishes a low CURRENT 
DETECTOR signal to the Sensor PCB. This low is applied to the 
base of the transistor at E53, cutting it off. The output of the 



transistor Is applied to a seek incomplete F/F, consisting of 
transistors at F53 and D53. When E53 cuts off, a high on the base 
of F53 causes it to conduct, toggling the F/F. The low at the 
collector of F53 results in a -SEEK INCOMPLETE signal to the 
AL2 PCB and, if gated through by the H-FILE READY signal, a 
-SEEK INCOMPLETE OUTPUT signal to the interface. In 
addition, SERVO HOLD is grounded. 

5.3.12.5 Heads-Over-Disk/Tracks Signals 

The -i-HEADS OVER DISK, -t-HEADS OVER TRACKS, and 
H-ZERO TRACK SENSING signals are generated by a system 
which includes a Home Sensor Light-Emitting Diode (LED), two 
photo sensors, a moving shutter, and associated amplifiers and 
gates. The LED and photosensors are in a fixed position on the 
Head Positioner assembly base plate, while the shutter is attached 
to the movable head-carriage assembly. When energized, the LED 
shines on the photosensors to an extent determined by the 
position of the shutter, which moves between the LED and the 



sensors, as the head carriage moves back and forth. The outputs 
of the sensors are furnished to the Sensor PCB, where they are 
amplified and conditioned to produce the -l-HEADS OVER DISK, 
-HHEADS OVER TRACKS, and -(-ZERO TRACK SENSING sig- 
nals. 

In Figure 5-34, views (a) and (b) show the orientation and 
movement of the shutter with respect to the two photosensors, 
labeled "A" and "B" in the figure. The shutter is shown in the 
fully retracted position in view (a). The light from the LED falls 
fully on both of the sensors, and their output Is maximum. View 
(c) of Figure 5-34 shows the signals at TP-2 and TP-3 of the 
Sensor PCB as the head carriage, and hence the shutter, moves 
forward from the fully retracted position. Referring to the Sensor 
PCB schematic, the outputs of the sensors are applied to two Op 
Amps. TP-2 and TP-3 are at the Op Amp outputs, and the signals 
at these test points are proportional to the inputs from the 
sensors. 
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Figure 5-34. Generation of Home Sensor Signals 
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Referring to Figure 5-34, in the fully retracted position at time 
tQ both sensors are completely exposed, and the signals at TP-2 
and TP-3 are at 3V, which represents maximum output of the 
sensors. At time t<, sensor B begins to be covered by the shutter, 
and its output starts to decrease. The output of sensor A remains 
at a maximum, since the slot in the shutter keeps it fully exposed 
to the LED at this point. At time tj, sensor B is fully covered, 
and the output at TP-3 is OV. At time tg, the bridge across the 
Sensor A slot results in a decreased output of sensor A. This 
serves no purpose electrically; the bridge is necessary to the 
mechanical strength of the shutter. 

At time t^, the end of the slot begins to cover sensor A, and its 
output starts to drop. Soon after, at time tg, sensor B begins to 
receive energy from the LED as the shoulder on the shutter 
approaches sensor B. As the shutter continues forward, sensor B 
remains fully exposed and sensor A remains fully covered. TP-3 
remains at 3V and TP-2 remains at OV. 

Referring to the schematic, the amplified signal from sensor A 
is applied to another Op Amp at K15-2. The non-inverting input 
of this amplifier is set at approximately 1.5V by a voltage divider 
consisting of resistors at K25 and K27. When the input from 
sensor A has dropped to the point where TP-2 is at 1.5V, which 
occurs at time tg in Figure 5-34 (c), the output of the Op Amp at 
K15-1 goes high. The shutter and the sensor assembly are 
adjusted so that this occurs as the R/W head slider passes the edge 
of the disk. The high output is sent to the Sequence Logic PCB as 
the +HEADS OVER DISK signal, where it enables head loading. 
The output at K15-1 also conditions a NAND gate at J30-12. 

At time tj in the figure, the outputs of the two sensors are 
equal (although B is rising and A is dropping). They cross at 
approximately 0.7V as measured at TP-2 and TP-3. The outputs 
of both sensor Op Amps are applied to another Op Amp at 
K15-7. When the two signals cross at 0.7V, the output at K15-7 
goes high. The shutter and sensors are adjusted so that this occurs 
when the R/W heads reach Track 0. The high output at K1 5-7 is 
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Figure 5-35. Demodulation Network Output Signals 



applied through the parallel combination of resistor F41 and 
gates H30-3 and H30-13 to J30-13, resulting in the -^HEADS 
OVER TRACKS signal. The high at H30-13 is also applied to a 
pulse-forming circuit consisting of five type 836 inverters. The 
output at H38-6 is the +ZERO TRACK SENSING signal, which is 
a pulse of about 1 /is pulse width. 

The -HHEADS OVER TRACKS and -i-ZERO TRACK SEN- 
SING signals are sent to the AL1 PCB, where they are used to 
control the direction and speed of the heads as they reach Track 
0. 

5.3.13 M/0-7, Servo (SO) PCB 

The circuits located on the SO board produce three output 
signals. 

The board's principal output is SERVO DRIVE SIGNAL, 
which is sent to the drive current circuits on the HS board. There 
it controls the amount and polarity of current supplied to the 
positioning motor. 

The other two outputs are a pair, of phase-related square 
waves, designated SERVO LOGIC CONTROL LEVEL C and 
SERVO LOGIC CONTROL LEVEL D. These pulse trains provide 
position and direction information about the heads to other logic 
associated with head positioning. 

Details regarding the SO circuits responsible for generating 
these outputs are presented below. The information is organized 
according to major functional elements on the SO board. These 
elements and the principal signal paths connecting them are 
illustrated in Figure 5-12, Servo System Functional Block Dia- 
gram (see Section 5.2.4). 

5.3.13.1 Demodulation Network 

This circuit demodulates the two 480 KHz AC signals received 
from the head position transducer's secondary element. The 
signal on channel 8 has a 90° phase displacement with respect to 
the signal on channel A. 

A 480 KHz square wave, designated DEMOD SIGNAL, is used 
as the carrier reference input for the demodulation process. 
DEMOD SIGNAL is taken from the same circuit on the OR board 
that generates the head position transducer's primary input. This 
assures that the frequency of DEMOD SIGNAL matches the 
channel A and channel B carrier frequencies. 

The signals on channel A and channel B follow separate and 
identical paths through the demodulation circuits. The first stage 
in each path is a wideband video amplifier with differential 
outputs. 

Each amplified signal pair is applied to a balanced modula- 
tor/demodulator device, which operates in the demodulation 
mode. 



Figure 5-35 illustrates one pair of Demodulation Network 
output signals (A and B) as sampled at TP-9 and TP-7. These wave 
forms represent a 24-cylinder seek. 

The outputs of the demodulation devices are amplified by four 
operational amplifiers. Each amplifier has a gain of approximately 
8. 

The four amplified demodulation envelopes are designated A, 
A, B and B. They are sent to the Differentiation Circuits and to 
the Reference FET Network. Three of these signals. A, B and B 
are also applied to the C and D Summing Networks. All of these 
functions are performed by circuits located on the SO board. The 
peak-to-peak amplitude of the demodulated envelopes, as they 
appear at TP- 13, 15, 16 and 18, is 15V ± IV. 

5.3.13.2 Reference FET Network 

This network consists of four FET switches connected in 
parallel. They gate the four demodulation signals (A, A, B and B) 
onto a common output line. The switches are enabled singly and 
in a controlled sequence to commute the four AC signals into a 
rippled DC output level. This output serves as a reference voltage 
for the Speed Control FET Network. 

The commutation process involves the selective gating of all 
positive or all negative peaks. Negative peaks are selected during 
forward head positioning operations and positive peaks are 
selected for reverse positioning operations. 

The sequence in which the gates are enabled assures that 
adjacent peaks are selected so that the output signal is uninter- 
rupted during the course of the head positioning operation. 

Each switch is controlled by a separate input line. These gate 
control inputs, designated -PICK A, -PICK A, -PICK B and 
-PICK B, are provided by the CD Decode logic on AL2. This 
logic controls the sequencing of the PICK signals. 
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Figure 5-36. Reference FET Network Oscilloscope Trace 



The relationship between the PICK inputs and the four 
demodulation envelopes is shown in Figure 5-18, Reference FET 
Network Input/Output Signals (see Section 5.2.4.8). 

Just before the heads reach the detent position, the servo 
system enters the detent mode. This causes the CD Decode logic 
to interrupt its regular sequence of PICK signals. Instead, it 
continues to issue the most recent PICK signal and allows the 
selected demodulation envelope to approach its zero crossing. 

When the servo system enters the detent mode, the DIREC- 
TION CONTROL line on AL2 conditions the CD Decode logic 
for forward head motion. Consequently, when the Reference 
FET Network enters the detent mode during reverse head 
positioning, the selected envelope's positive slope becomes a 
negative slope. 

The selected envelope's zero crossing marks the exact detent 
position for the heads. If the heads attempt to move away from 
this point, the network's output moves up or down the slope, 
adopting a negative amplitude if the heads move toward the 
spindle and a positive amplitude if they move away from the 
spindle. 

The signal appearing at the common switch output is amplified 
by a non-inverting operational amplifier IJ16-1). Figure 5-36 
provides an oscilloscope photograph of one demodulation enve- 
lope and of the rippled DC level that results from commutating 
all four demodulation envelopes. 

The amplifier's output is applied to the inputs of all nine 
switches in the Speed Control FET Network. It provides a 
constant voltage for that network to use as a reference for its 
output signal. 

Whenever the heads are in motion, the Reference FET Net- 
work's output (TP3) has a nominal amplitude of 4V with respect 
to ground. Its polarity will be negative if the heads are moving 
toward the spindle and positive if the heads are moving away 
from the spindle. 

When the heads are detented, the network's output is at zero 
potential. 

5.3.13.3 Speed Control FET Network 

This network consists of nine FET switches connected in 

parallel. All nine switches have common input and output points. 

The rippled DC signal level generated by the Reference FET 
Network provides the source voltage for all the switches. Their 
common output consists of that portion of the reference signal 
that is gated through the network. The network's output signal 
serves as the speed control input to the main summing junction. 

During head positioning operations, the amplitude of the 
speed control output is a direct function of the number of 
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switches that are enabled. Its polarity is the same as the polarity 
of the reference signal. 

Eight of the nine switches are responsible for gating some 
portion of the reference signal through to the summing junction 
during head positioning operations. The distance the heads must 
move (number of cylinders) determines how many switches are 
active at a given time. 

The relationship between the distance to be traveled and 
which switches are enabled is presented in Table 5-5. Travel 
distance is shown as the number of cylinders the heads must 
traverse. 

Each switch is controlled by a separate input to the SO board. 
These gate control inputs, designated -MINIMUM SPEED and 
-SPEED INCR NO. 1 through -SPEED INCR NO. 7, originate at 
the Speed Increment Decoder on AL2. 

When any -SPEED INCR NO. input is active, all lower order 
inputs (including -MINIMUM SPEED) are also active. During the 
course of a head positioning operation, these speed control inputs 
are removed one at a time, from the highest order to the lowest. 
-MINIMUM SPEED is the last speed control input to be 
removed. 



TABLE 5-5. 
Active Speed Control Switches vs. Head Travel Distance 



CYLINDERS 
TO BE TRAVERSED 


ACTIVE SWITCHES 
(See Note) 


MODEL 43 


MODEL 44 




64 or greater 


128 or greater 


Min. Speed and Speed 
Incr 1 through 7 


32 to 63 


64 to 127 


Min. Speed and Speed 
Incr 1 through 6 


16 to 31 


32 to 63 


Min. Speed and Speed 
Incr 1 through 5 


8 to 15 


16 to 31 


Min. Speed and Speed 
Incr 1 through 4 


4 to 7 


8 to 15 


Min. Speed and Speed 
Incr 1 through 3 


2 or 3 


4 to 7 


Min. Speed and Speed 
Incr 1 and 2 


1 


2 or 3 


Min. Speed and Speed 
Incr 1 


1/2 


1 


Min. Speed 


NOTE: Active switches are identif 
controls switch gates. 


ed by input signal that 



A precision resistor is connected in series with the input pin of 
each switch (i.e., drain side of each FET). The values of these 
resistors are scaled to provide the appropriate voltage drop across 
the speed control network for each possible combination of 
active switches. That is, as the heads approach the destination 
cylinder and the speed control inputs are removed in sequence, 
the amplitude of the speed control output signal decreases by 
appropriate increments. Refer to Table 5-5 for this progression of 
speed control output voltage levels. 



When the difference count equals zero, 
removed and — POS TERM goes true (low). 



-MINIMUM SPEED is 



-POS TERM enables FET switch D48-2. This switch couples 
the reference signal to the speed control output. 

When the heads are stationary, the reference input and the 
summing junction are both at zero potential. If the heads begin to 
move, the reference signal swings to approximately -I-4V (for 
reverse motion) or — 4V (for forward motion). A 1.21 MJ2 
resistor in series with the switch provides a voltage drop across 
the network, causing an error voltage to develop at the output of 
amplifier J16-7. The polarity of this error signal is such that it 
causes the head positioning motor to move the heads back toward 
the detent position. 

In Model 44 drives, the zero crossing of the detent slope may 
be offset in one direction or the other by the input TEMP COMP 
VOLTAGE. This signal level is the DC output of the TC board 
(M04). Its purpose is to adjust the servo system's electronic 
reference for detenting to compensate for dimensional changes in 
the servo system's mechanics caused by changes in the ambient 
temperature. 

When the head positioning mechanism's ambient temperature 
is 25°C, TEMP COMP VOLTAGE is at OV. The zero crossing of 
the detent slop is not offset. If the ambient temperature is 
between 25°C and 40°C, JEMP COMP VOLTAGE is positive, 
with an amplitude that is proportional to the value of the 
temperature with respect to 25°C. For temperatures between 
10°C and 25°C, TEMP COMP VOLTAGE is negative, with an 
amplitude proportional to the temperature. 

When TEMP COMP VOLTAGE goes positive, the position 
TGi erencc input to ti is Summing junction is incr63S6u proper- 
tionally. This causes SERVO DRIVE SIGNAL to go negative, 
driving the head positioner toward the spindle. The heads move 
forward until the detent slope reaches the adjusted zero crossing, 
at which point the positioner is detented. 

A negative level on the TEMP COMP VOLTAGE input has the 
opposite effect. The input to the summing junction goes below 
ground, causing a positive SERVO DRIVE SIGNAL. This moves 
the heads away from the spindle until the detent slope reaches 
the adjusted zero crossing. 



5.3.13.4 Differential Circuits 

These circuits differentiate the four demodulation envelopes 
(A, A, B and B) to produce velocity sensitive AC signals for use 
by the Feedback FET Network. The set of differentiated signals 
are designed A', A', B' and B'. 

The important characteristic of these signals is that their 
amplitudes are directly proportional to the frequencies of their 
drive signals, which are, in turn, a direct function of actual head 
velocity. 

A secondary characteristic of the differentiated signals is that 
they lead the input signal by 90°. 

Control of the commutation process in the Feedback and 
Reference FET Networks compensates for this displacement by 
selecting undifferentiated and differentiated signals in phase- 
matched pairs. That is, A and A' are not selected at the same 
time. Instead, A and B' are selected by their respective networks 
during forward head positioning, since they are in phase at that 
time. 

Differentiation of each signal is performed by a capacitor, 
which is connected between the Demodulation Network output 
and the Feedback FET Network input. A precision resistor, in 
series with the capacitor and Feedback FET Network, determines 
the upper and lower limits of the amplitude of the differentiated 
signal. 

Figure 5-37 provides an oscilloscope photograph of one Differ- 
ential Circuit input/output signal pair (A and A'). The sampled 
wave forms represent a 24-cylinder seek. 

5.3.13.5 Feedback FET Network 

This network consists of four FET switches connected in 
parallel. They gate the four differentiated signals (A', A', B' and 
B') onto a common output line. The switches are enabled singly 
and in a controlled sequence to commute the four differentiated 
AC signals into a rectified analog output. 

This output is used directly as the feedback input to the servo 
system's main summing junction. 

As in the Reference FET Network, the commutation process 
involves the selective gating of all positive or all negative peaks. 
Positive peaks are selected during forward head positioning 
operations and negative fjeaks are selected for reverse head 
positioning. 

Each switch is controlled separately by gate control signals 
issued by the CD control logic on AL2. These signals are labeled 
-01, -02, -03 and -04. The relationship between the four0 
inputs and the differentiated signals is shown in Figure 5-17, 
Feedback FET Network Input/Output Signals (see Section 
5.2.4.8). 
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Figure 5-37. Differential Circuit Input/Output Signals 

Since the amplitude of each differentiated input signal is 
determined by actual head speed, the amplitude of the network's 
output is a direct analog of head speed as well. However, since the 
network's output is one input to the main summing junction, 
there is no direct method of sampling the feedback term by itself. 
Instead, feedback velocity information is available from two of 
the differentiated inputs to the network (before commutation). 

These signals are A' and B', which can be sampled at TP19 and 
TP17, respectively. 

5.3.13.6 C and D Summing Networks 

The C and D Summing Networks develop a pair of phase- 
related square waves, which are designated SERVO LOGIC 
CONTROL LEVEL C and SERVO LOGIC CONTROL LEVEL D. 
These outputs result from voltage summing A ' B and A " B, 
respectively. 

The resulting summation signals are inverted and amplified by 
a pair of Schmitt triggers, J40-1 and J40-7. 

SERVO LOGIC CONTROL LEVEL C and SERVO LOGIC 
CONTROL LEVEL D are phase shifted by 90° from one another. 
Theis phase displacement carries cylinder count information for 
the Present Address Counter Control Logic on ALL It also 
provides sequence control information to the CD Decode logic on 
AL2 for use in generating PICK and ^signals. 

The amplified outputs of these networks have TTL logic levels. 
Their periods are directly related to head velocity. 

5.3.13.7 Main Summing Junction 

The outputs of the Speed Control FET Network is tied to the 
output of the Feedback FET Network at a voltage summing 
point. The potential appearing at that point is simply the 
algebraic sum of the speed control term and the feedback term. 
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When the amplitudes of the input terms are unmatched (i.e., 
their absolute values are not equal), a potential appears at the 
summing junction. Its polarity is the same as the polarity of the 
larger input term. 

The resulting signal is inverted and amplified by operational 
amplifier J16-7. The output of J16-7 is designated SERVO 
DRIVE SIGNAL. 

Figure 5-38 provides an oscilloscope photograph of SERVO 
DRIVE SIGNAL as it appears at TP5 on the SO board. 

5.3.14 M/0-8, Address Logic 2 (AL2) PCB 

The logic located on AL2 fits into two separate function 
categories, cylinder addressing and servo control. The AL2 board 
also contains the circuits that generate —READY TO S/R/W. 

The cylinder addressing logic on AL2 consists of the Differ- 
ence Count Multiplexor, Speed Increment Decoder and portions 
of the addressing control logic. 

The CD Decoder is the portion of servo control logic that is 
located on AL2. This set of logic generates the gate control 
signals that operate the Reference and Feedback FET Networks 
on the Servo PCB. 

5.3.14.1 Cylinder Addressing Logic 

DIFFERENCE COUNT MULTIPLEXOR (B3 and H3) 

The Difference Count Multiplexor receives the Subtractor's 
nine-bit difference count output in its true and complement 
forms. -DIRECTION CONTROL determines which set of inputs 
is selected. 

A low level on -DIRECTION CONTROL (for forward) selects 
the true bits in all but the least significant bit position. The 
complement form of the least significant bit is selected by 
-DIRECTION CONTROL. When -DIRECTION CONTROL is 
high, the alternate bits are selected: the true form of the least 
significant bit and the set of complemented bits in the eight 
high-order bit positions. 

SPEED INCREMENT DECODER 

The selected outputs of the multiplexor gates are applied to 
the Speed Increment Decoder. This logic consists of a network of 
NAND gates and inverters, which are implemented as negative- 
logic OR gates, and an output stage consisting of positive-logic 
NAND gates. 

During seek operations, the Speed Increment Decoder gener- 
ates a minimum of one and a maximum of eight speed com- 
mands. These commands, designated -MINIMUM SPEED AND 
-SPEED INCREMENT 1 through -SPEED INCREMENT 7, are 



sent to the Servo where they control the gates of eight speed 
control FET switches. 

The number of speed commands issued depends on the value 
of the difference count (that is, on the number of cylinders to be 
traversed). The relationship between the value of the different 
count and which speed commands are issued is shown in Table 
5-6. 

TABLE 5-6. 
Distance vs. Speed Commands 







SPEED COMMANDS 


DISTANCE COUNT 


ISSUED 


MODEL 43 


MODEL 44 




64 or greater 


128 or greater 


Min. Speed and Speed 
Incr 1 through 7 


32 to 63 


64 to 127 


Min. Speed and Speed 
incr 1 through 6 


16 to 31 


32 to 63 


Min. Speed and Speed 
Incr 1 through 5 


8 to 15 


16 to 31 


Min. Speed and Speed 
Incr 1 through 4 


4 to 7 


8 to 15 


Min. Speed and Speed 
Incr 1 through 3 


2 or 3 


4 to 7 


Min. Speed and Speed 
Incr 1 and 2 


1 


2 or 3 


Min. Speed and Speed 
Incr 1 


0* 


1 


Min. Speed 


* Represents a distance of 1/2 cylinder. 




Figure 5-38. Servo Drive Signal Oscilloscope Trace 



The active speed commands turn on their respective switches 
in the Servo's Speed Control FET Network. This results in a drive 
signal of the appropriate magnitude and polarity being applied to 
the head positioning motor. Refer to Section 5.3.13, Servo PCB, 
for details regarding the use of the speed commands by the Speed 
Control FET Network. 

When the heads move from cylinder to cylinder, the difference 
count value decreases. Each time the difference count crosses one 
of the thresholds identified in Table 5-6, the highest order speed 
command that is active is disabled. This has the effect of 
decreasing head velocity. 

Head velocity is incrementally decreased in the manner until 
the heads reach the destination cylinder. At that time the 
difference count equals zero (all -hSUM BIT inputs to AL2 are 
false). All speed commands, including -MINIMUM SPEED are 
disabled. 

When the heads reach the destination cylinder, -COUNTER 
INTERLOCK and -POSITION TERM go true (D27-12 and 
E27-3 go low). Head detenting occurs at this point. 

-COUNTER INTERLOCK establishes the heads detented 
condition in the cylinder addressing logic. It disables the output 
stage of the Counter Control logic on AL1, blocking the gener- 
ation of -COUNT UP FORWARD and -COUNT DOWN RE- 
VERSE pulses. -COUNTER INTERLOCK also, causes D27-1 on 
AL1 (see sheet 1) to go high. This brings -DIRECTION CON- 
TROL low (forward), which is the required state when the heads 
are detented. 

The Speed Increment Decoder also provides speed control 
commands for head positioning operations other than seek 
operations. These include restore, retract and preload head 
advance operations. In each of these cases, the Speed Increment 
Decoder output is determined by output gate control logic rather 
than by the value of the difference count. 

Except during head retract operations and the initial stage of 
preload head advance operations, -MINIMUM SPEED is the only 
speed command issued by the Speed Increment Decoder for these 
head positioning operations. 

The presence of —MINIMUM SPEED is assured for each 
operation by +RETRACT SPEED being true. This input is 
inverted and applied to D27-2. The resulting high level at D27-12 
is inverted at F15-2 and applied to the preset input of Seek FF, 
setting that flip-flop. The Q output of Seek FF gates the high 
level provided by D27-12 out to the Servo as -MINIMUM 
SPEED. 

During the initial stage of preload head advance operations and 
throughout head retract operations, —MINIMUM SPEED is sup- 
plemented by two other speed control commands, —SPEED 
INCREMENT 1 and -SPEED INCREMENT 2. 



These two other speed command outputs are needed during 
that portion of head retract operations when the heads are 
unloaded. The positioning motor requires more energy to over- 
come the friction caused by the heads riding in the unloaded 
position than is needed when the heads are loaded. 

The need for these additional speed control commands also 
results from the fact that the head positioning motor is less 
effective when the carriage is moving (in either direction) near the 
fully retracted position. With the carriage in that vicinity, the 
positioning motor's coil is in a more attenuated flux field than 
when the carriage is closer to the disks. 

NAND gate D27-8 controls the generation and gating of these 
speed control commands in response to these special require- 
ments. The necessary conditions for enabling D27-8 are described 
below. 



INPUT 
PIN 



D27-9 



D27-10 



D27-11 



CONDITION 

+RETRACT SPEED - This input is true during initial 
reset, preload head advance and head retract opera- 
tions. Details regarding the generation of h-RETRACT 
SPEED are provided earlier in this section. 

+FILE READY - This input must be false. For these 
operations, -i-FILE READY goes false when +HEADS 
ARE LOADED goes false. 

B27-3 HIGH -The output of this gate is high when 
either -DIRECTION CONTROL is false or when 
-DISK PACK SAFETY is true. -DIRECTION CON- 
TROL is false (indicating a requirement for reverse 
head motion) during initial reset and retract opera- 
tions. -DISK PACK SAFETY is true when the 
carriage is close enough to the fully retracted position 
to activate the Disk Pack Safety switch. 



The low level provided by D27-8 causes D27-6to go high. This 
high level is propagated through the low order gates of the Speed 
Increment Decoder, generating -SPEED INCREMENT 2, 
-SPEED INCREMENT 1 and -MINIMUM SPEED. 

The low level at D27-8 also causes HI 5-11 to go high, which 
gates -SPEED INCREMENT 2 and -SPEED INCREMENT 1 
through F3-8 and F3-11. Details regarding the gating of Speed 
Increment Decoder outputs are provided in the following sub- 
section. 

CYLtNOER ADDRESSING CONTROL 

The cylinder addressing logic on AL2 performs the following 
functions: 

1. Controls gating of -SPEED INCREMENT commands. 

2. Generates +INPUT INHIBIT signal when required. 
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During seek operations, the -IVIINIIViUM SPEED output gate is 
enabled when Seek FF is set. Gating for -SPEED INCREIVIENT 1 
through -SPEED INCREIVIENT 7 requires +RETRACT SPEED 
to be false as well as Seek F/F being set. 

Seek F/F is set whenever the difference count value in the 
Speed Increment Decoder is greater than zero. This condition 
causes D27-12 to go high; that high level is inverted by F15-2 and 
applied to the preset input of Seek F/F, setting that flip-flop. 
Seek F/F remains set for the duration of the seek; that is, as long 
as the difference count is greater than zero and D27-1 2 is high. 

At the conclusion of a seek operation, when the difference 
count value equals zero, D27-12 goes low. This removes the 
preset condition at Seek F/F; it also causes Settling OS-1 to fire. 
Settling OS-1 provides a delay period to allow any mechanical 
oscillations that accompany the detenting operation to settle out. 

The trailing edge of the Settling OS-1 pulse clocks Seek F/F, 
resetting it. Seek F/F's Q output disables E27-8. The resulting 
high level at E27-8 is inverted and disables the five most 
significant Speed Increment Decoder outputs. 

Except during the initial stage of a preload head advance 
operation and during the entire head retract operation, the high 
level at E27-8 also causes HI 5- 11 to disable the two least 
significant Speed Increment Decoder output gates. Exceptions to 
this gating control are described below. 

-MINIMUM SPEED is gated out to the Servo for all head 
positioning operations, including restore, retract and preload head 
advance operations. Control of the -MINIMUM SPEED gate is 
provided by Seek F/F. 

During the initial stage of preload head advance and through- 
out head retract operations, -SPEED INCREMENT 1 and 
-SPEED INCREMENT 2 are gated out to the Servo. NAND gate 
D27-8 controls this special gating activity. Details regarding the 
operation of D27-8 are provided in the previous subsection, 
which is headed SPEED INCREMENT DECODER. 

5.3.14.2 CD Decode 

During head positioning operations the CD Decode logic gener- 
ates two sets of control pulses. One set, designated -01, -02, 
—03 and —04, controls the commutation process in the Feed- 
back FET Network. The other set, designated -PICK A, -PICK 
A, —PICK B and — PICK B^ controls the commutation process in 
the Reference FET Network. Use of these outputs is described in 
Section 5.2.4.7, Feedback FET Network and Section 5.2.4.9, 
Reference FET Network. 

All eight outputs originate at a set of AND gates, which 
decode the four possible combinations of CONTROL LEVEL C 
and CONTROL LEVEL D. CONTROL LEVEL C and CONTROL 
LEVEL D are the outputs of summing networks in the servo 



system. CONTROL LEVEL C is the square wave that results from 
summing the A and B demodulation envelopes. CONTROL 
LEVEL D, which has a 90° phase shift with respect to CONTROL 
LEVEL C, is the squared sum of A and B. Both C and D are 
inverted following the summing operation. 

As the heads move from cylinder to cylinder, the level 
transitions occurring on CONTROL LEVEL C and CONTROL 
LEVEL D enable one decode gate after another. The sequence in 
which these gates are enabled depends on the direction of head 
travel. 

FORWARD SEQUENCE 



CD 


CD 


CD 


CD 


CD 


{H27-3) 


(H27-6) 


(H27-8) 


(H27-11) 


(H27-3) 



REVERSE SEQUENCE 

In Model 43 drives (100 tpi), CD and CD are the only two 
possible starting points for these sequences. In Model 44 drives 
(200 tpi), all four combinations are starting points forforward or 
reverse sequences. The reason for this difference is that there are 
twice as many detent positions in Model 44 drives. 

The outputs of these decode gates are inverted by four NAND 
gates to produce the — J^l through —04 pulses. 

FORWARD SEQUENCE 



CD 
(01) 



CD 
(02) 



CD 

(03) 



CD 

(04) 



REVERSE SEQUENCE 

Use of these pulses is illustrated in Figure 5-17, Feedback FET 
Network Input/Output Signals, which is part of Section 5.2.4.7. 

Generation of the four PICK outputs from the various CD 
combinations requires two stages of multiplexing (devices F39 
and H39). 

The first four-pair multiplexor (F39) provides one sequence of 
PICK outputs for forward head positioning operations and an- 
other sequence for reverse operations. —DIRECTION CONTROL 
(AL2 pin E) performs the select function; its low state selects the 
CD combination inputs in the proper sequence for forward 
operations. 

FORWARD SEQUENCE 
(AL2 Pin E Low) 





REVERSE SEQUENCE 






(AL2 Pin E High) 




CD ^^ 
(Pick B) 


CD ^ CD ^ 
(Pick A) (Pick B) 


_ CD 
(Pick A) 



Different PICK sequences are required to assure proper com- 
mutation of the four demodulation envelopes (A, A, B and B) for 
each direction of head motion. Adjacent negative envelope peaks 
are selected in the commutation process during forward head 
motion. Adjacent positive envelope peaks are selected in the 
commutation process during reverse head motion. 

Use of the PICK outputs during head positioning operations is 
illustrated in Figure 5-18, Reference FET Network Input/Output 
Signals, which is part of Section 5.2.4.9. 

The second multiplexing device (H39) selects between two 
sources for the PICK outputs. 

One source is the first multiplexing stage described above. Its 
outputs are used while the heads are being moved from one 
cylinder location to another. As previously described, these 
outputs consist of a selected sequence of CD combinations. 

The other source is a set of AND gates which decode the four 
possible combinations of -^BIT 1 and -hBIT 2. These are the two 
least significant outputs of the Present Address Counter on ALL 
The outputs of these AND gates are selected by H39 when the 
heads are about to be detented. 

The select input to H39 is controlled by -COUNTER INTER- 
LOCK, inverted. The BIT 1/BIT 2 combination inputs are 
selected when -COUNTER INTERLOCK goes true (AL2 pin A 
goes low). 

Each of the four BIT 1/BIT 2 combinations generates a 
separate PICK output. The relationships between the four combi- 
nations and the four PICK outputs are shown in the following 
chart. These relationships are also illustrated in Figure 5-18, 
Reference FET Network Input/Output Signals (see Section 
5.2.4.9). 



-PICK A 
-PICKB* 
-PICK A 
-PICKB* 



+BIT1 
(AL2 Pin 5) 

Low 
High 
Low 
High 



+BIT2 
(AL2PinR) 

High 
High 
Low 
Low 



CD 
(Pick B) 



CD 
(Pick A)" 



CD 
(Pick B) 



CD 

(Pick A) 



When the heads are being detented, the Reference FET 
Network uses the active PICK output to select the corresponding 
demodulation wave shape. For detenting, the wave shape selected 



is the one that is approaching the zero crossover on its positive 
slope (i.e., positive from the forward direction viewpoint). 

In Model 43 drives, -PICK B and -PICK B outputs are not 
used for detenting. They are not used because there are no actual 
detent positions that correspond to the positive zero crossover 
points on the B and B demodulation envelopes. These PICK 
outputs are disabled in the detent mode by grounding their inputs 
to H39. Jumpers J54 and J56 are removed and jumpers J55 and 
J57 are installed. 

Details regarding the use of the PICK outputs for detenting are 
given in Section 5.2.4.9, Reference FET Network and Section 
5.3.13, Servo PCB. 

5.3.15 IVI/0-9, Address Logic 1 (ALl) PCB 

Most of the logic responsible for cylinder addressing is located 
on the ALl PCB. These functions include the Address Inhibit 
Gates, Address Check Logic, Destination Address Register, 
Present Address Counter, Subtracter, and major portions of the 
Cylinder Addressing Control Logic. 

5.3.15.1 Address Inhibit Gates 

The Address Inhibit Gates consist of nine 380 type NOR gates, 
which are implemented as negative-logic NAND gates. 

The address bit inputs to these gates are provided by the 
Cylinder Address Receiver logic on RDR2. For Model 43 drives, 
these inputs are assigned bit values in the range to 128 and for 
Model 44 drives, the bit values are from 1 to 256. 

-HINPUT INHIBIT controls propagation of the address through 
these gates. When h-INPUT INHIBIT is false (low), the address 
bits are gated through (inverted). If -i-INPUT INHIBIT goes true, 
the outputs of all nine gates are held low, which represents the 
logical ZERO state at this point in the propagation path. 

H-INPUT INHIBIT is the inverted Q output of Carriage Posi- 
tioning FF-2. These circuits are located on AL2 and described in 
Section 5.3.14. -i-INPUT INHIBIT is generated whenever the 
heads are moved to cylinder (restored) or are retracted from the 
disk area. These events result from -i-RETRACT SPEED going 
high. The conditions that can cause -hRETRACT SPEED are 
identified in Section 5.3.15.6. 

5.3.15.2 Address Check Logic 

Three NAND gates (with one implemented as a negative-logic 
NOR gate) and two inverters form the network that tests the 
value of the address word present at the Address Inhibit Gates. 
This network generates a low level output if the address value 
exceeds the limit for that drive model. An address is illegal if it 
equals 204 or greater (Model 43 drives) or 408 or greater (Model 
44 drives). 



*These outputs are not used in Model 43 drives. 
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If an illegal address is detected, the output gate of the Address 
Check Logic, D15-8, applies a low level to F15-2and B39-12. 

The low level at F15-2 blocks the clock pulse generated at 
one-shot H39-13. Blocking this clock pulse prevents the illegal 
address from being strobed into the Destination Address Register. 
Operation of H39-13 is described in Section 5.3.15.6. 

The low level at flip-flop B39-12 causes that flip-flop to be 
reset by the leading edge of the pulse generated at H39-13. 
Resetting B39-9/8 causes -ADDRESS ACKNOWLEDGE OUT- 
PUT to go false (high) and -LOGICAL ADDRESS INTERLOCK 
output to go true (low). 



5.3.15.3 Destination Address Register 

During seek operations, this nine-bit register holds the address 
of the cylinder to which the heads are to be moved. The' 
destination address is loaded into the register at the beginning of 
the seek. During restore operations, all nine inputs to the register 
are forced to the logical ZERO state. 

The least significant bit position in the register is a D-type 
flip-flop that clocks on the positive-going edge of the strobe 
provided by the controller. In Model 43 drives, the input to this 
flip-flop is held disabled (jumper D3 is not installed) so that the 
register's least significant output bit is always a logical ZERO. In 
Model 44 drives, the least significant input is part of the cylinder 
address received from the controller; its state depends on the 
value of the destination address. 

The register's output is taken from the O side of each flip-flop 
so that it represents the complement of the address received from 
the controller. 

This complemented address is sent to the Subtracter logic 
where it is added to the true output of the Present Address 
Counter. 



5.3.15.4 Present Address Counter and Counter Control 

This nine-bit up/down counter serves as a real time register for 
the address of the present location of the read/write heads. As the 
heads change location during a seek, the contents of this counter 
change concurrently to continuously reflect the present location 
of the heads. This counter is shown on Sheet 2 of the AL1 logic 
diagram. 

The most significant stage of the counter is provided by a JK 
flip-flop. The other eight stages consist of a pair of four-bit binary 
counter devices, connected in series. 

The counter is cleared by -hRETRACT SPEED; this signal is 
generated whenever the heads are moved to a cylinder or are 
retracted. 



During forward seeks, the counter is incremented by the 
trailing edge of -COUNT UP FORWARD pulses. -COUNT 
DOWN REVERSE pulses decrement the counter during reverse 
seeks. These increment and decrement commands are generated 
by the Counter Control Logic (shown on Sheet 1 of the AL1 
logic diagram as well as in Figure 5-39). 

The output stage of the counter control logic consists of a pair 
of two-input NAND gates, F15-8 and F15-11. One input of each 
gate is controlled by -COUNTER INTERLOCK and the other 
input receives the output of one-half of a phase-relationship 
decode network. 

-COUNTER INTERLOCK, which originates on AL2, disables 
both F15-8 and F15-11 when it is true (low). This level is 
generated whenever there is no requirement for head movement. 
That is, -COUNTER INTERLOCK prevents the generation of 
-COUNT UP FORWARD or -COUNT DOWN REVERSE pulses 
whenever the contents of the Destination Address Register equal 
the value of the Present Address Counter. -i-RETRACT SPEED 
will also cause -COUNTER INTERLOCK to be true. This 
presents the generation of count pulses during any head position- 
ing operation that is not a seek. 

The decode logic examines the relative states of a pair of 
phase-related pulses, which are designated SERVO LOGIC CON- 
TROL LEVEL "C" and SERVO LOGIC CONTROL LEVEL 
"D". These pulses, which are generated by logic on the Servo 
PCB, provide position and direction information about the 
read/write heads as the heads move from cylinder to cylinder. 
This information is used by the counter control logic to deter- 
mine which direction the heads are moving in and to detect each 
arrival of the heads at a new cylinder. 

The decode network consists of NAND and NOR gates and 
inverters; four of the inverter functions are performed by NOR 
gates. 

Each of the four D51 NOR gates generates a positive pulse as a 
result of a level transition of either SERVO LOGIC CONTROL 
LEVEL "C" or SERVO LOGIC CONTROL LEVEL "D". The 
gate/transition relationship is shown below: 



Gate 


Transition 




D51-3 


High to Low of ' 


"C" 


D51-2 


Low to High of ' 


'C" 


D51-14 


High to Low of ' 


"D" 


D51-13 


Low to High of ' 


'D" 



A39-6. A39-3, which is part of the -COUNT UP FORWARD 
path, is gated by the inverted form of SERVO LOGIC CONTROL 
LEVEL "D". A39-6 generates pulses only during reverse seeks 
and is gated by the true form of SERVO LOGIC CONTROL 
LEVEL "D". 

The sequential relationship of SERVO LOGIC CONTROL 
LEVEL "C" and SERVO LOGIC CONTROL LEVEL "D" pro- 
vides a time mask to the A39 and B51 NAND gates. For example, 
during forward seeks, D51-3 pulses occur only when SERVO 
LOGIC CONTROL LEVEL "D" is false. Consequently, pulses 
caused by high-to-low transitions of SERVO LOGIC CONTROL 
LEVEL "C" are propagated through A39-3, A51-6 and F15-11 
during forward seeks. 

In the same manner, D51-3 pulses coincide with SERVO 
LOGIC CONTROL LEVEL "D" during reverse seeks. At that 
time, those pulses are routed through A39-6, A51-8 and F15-8 to 
become -COUNT DOWN REVERSE pulses. 

There are eight NAND gates that are part of the same 
functional set as A39-3; four are associated with the -COUNT 
UP FORWARD path and four are part of the -COUNT DOWN 
REVERSE path. The following lists indicate the relative status of 
SERVO LOGIC CONTROL LEVEL "C" and SERVO LOGIC 
CONTROL LEVEL "D" required to produce pulses at these gates 
during forward and reverse seeks: 



Fwd Seek 


"C" ■ "D" 


Gates 


STATES 


A39-3 


Cl-D 


A37-8 


Ct- D 


B51-3 


Ct-D 


B51-8 


C|- D 


Rev Seek 


"C D" 


Gates 


STATES 


A39-6 


CDt 


A39-11 


C-Dl 


B51-6 


C-Dl 


B51-11 


C-Dt 



The RC delays at the outputs of F51-3, F51-2, F51-i4 and 
F51-13 determine the pulse durations. The component values are 
selected to produce Ijus pulse widths. 

Each of the D51 pulse outputs is applied to a pair of two-input 
NAND gates. For example, D51-3 is applied to gates A39-3 and 



t = low-to-high transition 
i = high-to-low transition 



5.3.15.5 Subtracter 

This functional element ados ine two's complement of me 
Destination Address Register to the contents of the Present 
Address Counter to determine the number of cylinders the heads 
must move to reach the cylinder specified by the controller. The 
direction of the move is determined by the logic level of the carry 
out term: low means forward and high means reverse. 



A set of NAND gates (shown on Sheet 1 of AL1) adds the 
register's complemented least significant bit and the end around 
carry bit provided by the higher order adder circuits to the 
counter's least significant bit. 

The output stage of this full adder network consists of H51-8 
and E27-8. H51-8 produces the least significant sum bit. In Model 
43 drives, this output is designated -i-SUM BIT "0"; in Model 44 
drives, it's -i-SUM BIT "1". E27-8 provides the carry out bit that 
results from the addition; this output is forwarded to the higher 
order Subtracter circuits (shown on Sheet 2). 

Two interconnected, four-bit binary full adder devices perform 
the subtraction function for the other eight bit positions. These 
devices are J15 and A 15. 

A15-14 is the final carry out term in the Subtracter circuit. It 
is routed to the least significant adder circuit to convert the 
Destination Address Register output from one's complement to 
two's complement. It is also sent to a direction control gate 
(shown on Sheet 1), which issues either a forward or reverse 
DIRECTION CONTROL command, depending on the state of 
the carry out bit. If A15-14 is low, forward motion is specified. 

If the seek requires forward motion, the Subtracter's sum bit 
output directly represents the number of cylinders to be moved. 
If a reverse seek is specified, the complement of the sum bit 
output equals the length of the seek. 

Each Subtracter output is applied to the Difference Count 
Multiplexor in its true and complemented forms. Selection of the 
appropriate set of sum bits by the multiplexor is controlled by 
the DIRECTION CONTROL line. The Difference Count Multi- 
plexor is located on AL2; functional elements on the PCB are 
discussed in Section 5.3.14. 

5.3.15.6 Cylinder Address Control Logic 

The cylinder addressing control logic located on AL1 is 
responsible for the following control functions: 

• Strobes the new address into the Destination Address 
Register 

• Generates -DIRECTION CONTROL and +RETRACT 
SPEED commands 

• Controls reverse speed command to Servo during and after 
the initial reset period 

ADDRESS STROBE 

The Destination Address Register strobe originates at one-shot 
H39A-13 (shown on Sheet 2 of A LI). H39A-13 is fired by the 
leading edge of -SELECTED STROBE LINE if either -READY 
TO S/R/W or -SELECTED RESTORE LINE is true (low). Its 
generation is described separately for the two conditions. 
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Figure 5-39. Present Address Counter Control Logic and Control Timing 
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READY TO S/R/W 

At the start of a seek operation, -READY TO S/R/W is true 
and -SELECTED RESTORE LINE is false. The first signal Is 
provided by status logic on AL2; it is true only when all the 
following requirements are met: 

• Carriage Positioning FF-2 is reset. 

• Seek FF is reset. 

• +FILE READY is true. 

• -SEEK INCOMPLETE is false. 

These preconditions, which are required for a successful seek 
operation, are discussed in detail in Section 5.3.14, Address Logic 
2. 

-SELECTED RESTORE LINE is true only when the con- 
troller intends to initiate a restore operation. It must be false for 
the destination address supplied by the controller to be propa- 
gated through the Address Inhibit Gates. 

With -READY TO S/R/W true, the leading edge of 
-SELECTED STROBE LINE enables El 5-3. The resulting high 
level at H39-2 fires the one-shot. 

SELECTED RESTORE LINE 

-SELECTED RESTORE LINE Is true (low level at E15-6) at 
the start of a restore operation. This allows the leading edge of 
-SELECTED STROBE LINE to enable E15-2. 



The high level generated at El 5-2 is inverted by B27-6 and 
then applied to E27-12. The resulting high level at E27-11 is 
inverted and applied to El 5-4. This gates -SELECTED STROBE 
LINE through El 5-3, firing the clock pulse one-shot. 

The pulse issued by E27-3 clocks nine ZERO bits into the 
Destination Address Register. The ZERO state of these bits is 
Imposed by the high level on -(-INPUT INHIBIT. The origin of 
-i-INPUT INHIBIT is discussed in Section 5.3.14, Address Logic 2. 

Since the ZERO output of the Address Inhibit Gates is within 
the legal range, the high output of the Address Check Logic (at 
D15-8) gates the pulse generated by the one-shot through F15-3. 
The low pulse at F15-3 is inverted by E27-3 and applied to the 
clock inputs of the Destination Address Register. 

If -RETRACT SPEED is true (low level at E27-1), E27-3 is 
held high so the clock pulse is blocked. -RETRACT SPEED will 
be true during restore operations and when the heads are being 
retracted. 



DIRECTION CONTROL 

-DIRECTION CONTROL serves as the select input to the 
Difference Count Multiplexor. The logic level present on this line 
determines which set of Subtractor output bits are gated through 
the multiplexing logic, the true or complemented output. The 
state of -DIRECTION CONTROL Is determined by D27-6. 

This point is low under three different circumstances: 1) when 
the heads are moved from the retracted position to the load 
position (called preload head advance) 2) when a forward seek Is 
required and 3) while the heads are detented in position between 
seeks. Each of these circumstances is represented by all four 
inputs to D27-6 being high. The conditions that bring this about 
are described below: 



when a restore operation is required and 4) when the heads must 
be retracted from the disk area. The conditions that can cause 
-DIRECTION CONTROL to go high are identified below. 



INPUT 
PIN 

D27-1 



D27-1 



D27-1 



D27-2 



D27-4 



D27-5 



CONDITION 

PRELOAD HEAD ADVANCE - When -kSPINDLE 
DRIVE ON force sets Carriage Positioning FF-1, 
-i-RETRACT SPEED goes true. This causes D15-6 to 
go high (see Sheet 2) and, consequently, D27-1 to go 
high. 

FORWARD SEEK -The Subtracter's carry out bit 
goes high whenever the drive is Instructed to move 
the heads from a higher address cylinder to a lower 
address cylinder. This low enables D15-6, which 
causes D27-1 to go low. The carry out bit is low at all 
other times. 

HEADS DETENTED - When no seek Is required, the 
Subtracter's difference count output equals zero. 
This causes -COUNTER INTERLOCK to go low (see 
AL2). -COUNTER INTERLOCK enables D15-6, 
which causes D27-1 to go high. Since the Subtracter's 
carry out bit is low at this time, it serves as a 
redundant Influence on D27-1. 

A3-6 IS HIGH — This gate is enabled only during 
restore operations. Although A3-4 is high during 
preload head advance, -hHEADS OVER TRACKS is 
false, disabling A3-6. 

A3-11 IS HIGH — This point is low only when power 
to the spindle motor is lost (-i-SPINDLE DRIVE ON Is 
low) while the heads are in the disk area. A low level 
at A3- 11 causes the heads to retract. 

-INITIAL RESET IS HIGH - This input is low for 
1 20 ms when the drive is first turned on. 



When any one of the four inputs to D27-6 is low, —DIREC- 
TION CONTROL is high, representing a reverse motion require- 
ment. This can occur under four different circumstances: 1) while 
—INITIAL RESET is true; 2) when a reverse seek is required; 3) 



INPUT 
PIN 

D27-1 



D27-2 



D27-4 



D27-5 



CONDITION 

REVERSE SEEK -The Subtracter's carry out bit 
gees high whenever the drive is instructed to move 
the heads from a higher address cylinder to a lower 
address cylinder. Since -rRETRACT SPEED and 
-COUNTER INTERLOCK are both false at this 
time, D15-6 goes low, causing D27-1 to go low. 
-COUNTER INTERLOCK is true only when the 
Subtracter's output equals zero or when -i-RETRACT 
SPEED is true. -hRETRACT SPEED cannot be true 
during any seek; this is explained in the following 
subsection, headed RETRACT SPEED. 

RESTORE OPERATION -Whenever the drive is In- 
structed to restore the heads to cylinder 0, inverter 
F39-8 goes low, setting Carriage Positioning FF-1. 
This applies a high level to A3-4. Since restore 
operations occur only when the heads are in the disk 
area, -i-HEADS OVER TRACKS is true at this time, 
causing A3-6 to apply a lew level to D27-2. 

HEAD RETRACT OPERATION - If -hSPINDLE 
DRIVE ON goes false while the heads are in the disk 
area (-HEAD RETRACTED Is false), A3-11 goes 
low. This disables D27-6, causing -DIRECTION 
CONTROL to go high. 

INITIAL RESET -The -INITIAL RESET pulse that 
occurs when the drive is first turned on holds D27-5 
low for the duration of the pulse. 



RETRACT SPEED 

-i-RETRACT SPEED originates at D27-8 (see Sheet 1) and is 
active during initial reset, preload head advance, restore and 
retract operations. The conditions that bring about -i-RETRACT 
SPEED are described below: 



INPUT 
PIN 



CONDITION 



D27-9, 13 PRELOAD HEAD ADVANCE - When power is ap- 
plied to the spindle drive and the spindle reaches the 
minimum operating speed, -I-SPINDLE DRIVE ON 
goes true. This low to high transition causes a posi- 
tive-going pulse to occur at E15-13; the pulse is 
inverted and force sets Carriage Positioning FF-1. The 
resulting low level at the flip-flop's Q output causes 
-(-RETRACT SPEED to go true, which initiates the 
preload head advance operation. 



D27-9, 13 RESTORE -Whenever the drive is instructed to re- 
store the heads to cylinder 0, inverter F39-8 goes low, 
setting Carriage Posltlening FF-1. Setting this flip- 
flop causes -(-RETRACT SPEED to go true. The role 
performed by -(-RETRACT SPEED in restore oper- 
ations is described below. 

D27-10 INITIAL RESET - When power is first applied to the 
drive, -INITIAL RESET goes low for approximately 
120 ms. -INITIAL RESET Is received by the AL1 
card at pin 8 (see Sheet 2). 

D27-12 RETRACT OPERATION - If -(-SPINDLE DRIVE 
ON goes false while the heads are over the disks 
(-HEAD RETRACTED is false), A3-11 gees low. 
This enables D27-8, which causes -(-RETRACT 
SPEED to Initiate a retract operation. 

■(-RETRACT SPEED performs a number of functions for 
cylinder addressing logic on both AL1 and AL2. These functions 
are Identified below: 

1. Causes the Speed Increment Decode logic en AL2 to issue a 
speed command (-MINIMUM SPEED) to the Servo. 

2. Prevents the AL2 Speed Increment Decode logic from 
generating the seven higher speed commands, —SPEED 
INCREMENT 1 through -SPEED INCREMENT 7. 

3. Sets Carriage Positioning FF-2 on AL2, causing +INPUT 
INHIBIT to go true and -READY TO S/R/W to go false. 
-(-INPUT INHIBIT forces the data Inputs to the Destination 
Address Register to the ZERO state. 

4. During preload head advance operations, participates in the 
generation of -DIRECTION CONTROL. -(-RETRACT 
SPEED does this by enabling D15-6 (see Sheet 2 of AL1), 
which causes D27-1 to go high. The other requirements for 
-DIRECTION CONTROL during preload head advance 
operations are provided in the preceding subsection, headed 
DIRECTION CONTROL. 

5., Disables the deck inputs to the Destination Address Regis- 
ter and clears the Present Address Counter. 

5.3.16A Heat Sink (HS) PCB No. 11631 

The circuits located on this board fit into six distinct func- 
tional categories. 

1. Spindle Driver 

2. -H5V, -15V Regulator 

3. Power Driver Circuits (Servo) 
4. Brush Motor Driver 
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5. Drawer Unlock Solenoid Pick 

6. Head Load Solenoid Pick 

NOTE 
In all circuits shown in the logic diagram, the double weight 
lines indicate high current paths. 

5.3.16.1 Spindle Driver 

This section consists of a pair of push-pull transistor networks. 
Each network supplies alternating current to a separate winding 
on the spindle motor. 

Four phase-related square wave signals control the two net- 
works. Two of the signals, designated PHASE 1 A and PHASE IB 
operate one network. The other network is controlled by PHASE 
2A and PHASE 2B. All four signals originate on the OR board. 

PHASE 1A and PHASE 2A are phase-shifted by 90° from one 
another. PHASE IB is the complement of PHASE 1 A and PHASE 
2B is the complement of PHASE 2A. Each square wave has a 
peak-to-peak swing of 14V. 

The positive half cycle of PHASE 1A produces -t-24V at P7-1; 
simultaneously, the negative half cycle of PHASE IB produces 
-24V at P7-3. Current flows through the spindle winding. 

When both signals cross zero voltage at the end of the half 
cycle, the current flowing between P7-1 and P7-3 changes 
polarity. 

PHASE 2A and PHASE 2B control the other network in the 
same fashion. 

5.3.16.2 ± 15V Regulator 

This circuit developes regulated -1-15V and —15V from the 
^ 24V and -24V circuit voltage. 

5.3.16.3 Power Driver Circuits 

Current for the head positioning motor is provided by a 
push-pull network similar to the one used in the Spindle Driver. 
The major functional difference in this network is that the 
current developed is directly proportional to the amplitude of the 
drive signal. 

This reference input, designated SERVO DRIVE SIGNAL, is 
an analog signal produced by the SO board. When positive, 
SERVO DRVIE SIGNAL turns on the upper half of the network. 
A negative potential at B82-7 turns on the lower half of the 
network. 

When the heads are detented, any motion of the heads away 
from the detent position causes SERVO DRIVE SIGNAL to take 



on a positive or negative amplitude. If the heads move toward the 
spindle, SERVO DRIVE SIGNAL becomes positive. Head motion 
in the other direction causes SERVO DRIVE SIGNAL to become 
negative. In either case, the resulting current opposes the motion 
away from the detent position. 

The motor can be freed from the control of SERVO DRIVE 
SIGNAL in either one of two ways. If the High Current Detector 
circuit senses excessive current at one of the head positioning 
motor terminals, logic on the SR board generates —SERVO 
DISABLE. A low level (ground) on this line neutralizes the Power 
Driver Circuits, allowing the motor to move freely. The same 
affect can be achieved by pressing the Servo Release Switch. 

5.3.16.4 Brush Motor Driver 

Two phase-related input signals, BRUSH MOTOR A and 
BRUSH MOTOR B, drive this circuit, producing alternating 
current for the brush motor. 

BRUSH MOTOR A consists entirely of positive half cycles of a 
60 Hz square wave. BRUSH MOTOR B consists of negative half 
cycles of a 60 HZ square wave. Since the two rectified signals are 
phase shifted from one another by 180°, together they comprise a 
single 60 Hz square wave. 

5.3.18.5 Drawer Unlock Solenoid Pick 

This circuit provides the high current needed to pick the 
solenoid that unlocks the cabinet drawer as well as the low level 
holding current. 

One side of the solenoid is permanently held at -I-24V. 

When -i-D RAWER UNLOCK PICK goes high it provides a high 
current path to ground through transistor J10-2 for approxi- 
mately 700 msec. 

-DRAWER UNLOCK ENABLE, which went low when 
-HDRAWER UNLOCK PICK went high, provides a path for 
holding current when -i-DRAWER UNLOCK PICK times out. This 
low current path is through J97 to ground. 

The LOAD light is on any time the solenoid is energized. 

5.3.16.6 Head Load Solenoid Pick 

This circuit supplies both pick and holding current to the Head 
Load Solenoid. 

One side of the solenoid is tied to -^24V. 

When H-HEAD LOAD PICK goes high, path for high pick 
current is provided through transistor J80 to —24V. 

When -^HEAD LOAD PICK goes low, -HEAD LOAD EN- 
ABLE provides a path for the holding current through J112 to 
ground. 
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Figure 5-39A. Phase ! Spindle Motor Driver 



5.3.16B Heat Sink (HS) PCB No. 11890 

The Heat Sink PCB, P/N 11890, consists of the following 
logical sections: 

1. Spindle Motor Driver 

2. Positioner Motor Driver 

3. Brush Motor Driver 

4. Positive and Negative 15 Volt Tracking Regulator 

5. Drawer and Head Load Solenoid Drivers 

6. Braking (Speed Sense) Timer 



5.3.16.1 Spindle Motor Driver 

The spindle motor is a synchronous AC induction motor with 
two stator windings phased 90 electrical degrees apart. The inputs 
to the stator winding drivers are trapezoidal waveforms with 
amplitudes of +7V to — 7V when the motor is being driven. 
During the LOAD function of the disk drive, the inputs to the 
drivers are maintained at OV to ± 0.8V, permitting no current to 
flow in the two stator windings. Braking in the motor is 
accomplished by applying a DC signal to the Phase 1 winding and 
turning "off" the Phase 2 winding drive. Power dissipation in the 
motor and driver circuits is limited through the use of a switching 
current regulator. 

The signals applied to the Phase 1A and Phase 1B inputs are 
complementary as are the signals applied to the Phase 2A and 



5-44 



Phase 2B inputs. The Phase 1 signals are in quadrature (different 
by 90 degrees) with the Phase 2 signals. 

A block diagram of the driver for a single stator winding is 
shown in Figure 5-39A. This driver consists of four current 
switches, a current sense resistor, four "free wheeling" diodes and 
two current feedback circuits. Circuit operation is described in 
the following paragraphs. 

With a positive signal applied to input Phase 1A, current 
switch 1 is turned "on" applying +24V to motor winding 
terminal TB1-7. Simultaneously, a negative signal is applied to 
input Phase IB, turning "on" current switch 4. As current builds 
up in the motor winding, a voltage appears across the current 
sense resistor proportional to the current in the motor winding. 
When this voltage reaches approximately 0.7V the action of 
current feedback circuit 1 causes current switch 1 to be turned 
"off". Motor winding terminal TBI -7 voltage switches from +24V 
to approximately —24V, where it is limited by current flowing 
through diode CR2. As the decreasing current flow through the 
current sense resistor reaches the lower feedback threshojd, 
current switch 1 is again turned "on" repeating the cycle. This 
action continues as long as the input to Phase 1 A remains positive 
and the input to Phase IB remains negative, limiting the current 
to an average value of 4A. Current switch 2, current feedback 
circuit 2, diode CR1 and the current sense resistor perform this 
current limiting function for the complemented inputs. 

Additional current limiting is provided in the circuitry of 
current switches 3 and 4 at approximately 4.7A to protect the 
power devices from overstressing in the event of a component 
failure. 

CAUTION 
Probing of the Heat Sink Circuit Board with power applied 
should be avoided because of the danger of accidental 
shorts which may destroy a power stage. Operation of the 
Driver Circuits with a non-inductive dummy load will result 
in excessive dissipation in the switching current regulator 
circuit due to the increased switching frequency. 

No adjustments are required to the Spindle Motor Driver 
circuits and no restrictions apply to the input signal duration as 
long as the power devices are correctly mounted on the Heat 
Sink. The action of the switching current regulator reduces the 
device dissipation since the devices are in saturation, dissipating 
little power, or cut off, dissipating no power. The primary power 
dissipation occurs while the device is switching. 

Pertinent waveforms are indicated in Figure 5-39B. The Phase 
1A voltage waveform shows the typical trapezoidal Input wave- 
form as a solid line and minimum limit as a dotted line for the 
motor drive signal. Motor winding terminal TB1-6 indicates the 
expected signal at this terminal for the above input waveform. 
Motor winding terminal TB1-7 indicates the expected voltage 
signal on this terminal as the motor builds up speed. As the motor 
speed increases, the back EMF of the motor limits the current to 



an average value of approximately 1 .5A and the switching current 
regulator operates, if at all, only on the peak current. Motor 
current is indicated in the lower waveform. 

5.3.16.2 Positioner Motor Driver 

Current for the head positioner motor is provided by a 
network similar to current switch 3 and current switch 4 of the 
Spindle Motor Driver circuit. The major functional difference in 
this network is that the current developed for small signals is 
directly proportional to the amplitude of the drive signal. For 
large signals, the current is limited by the impedance of the motor 
winding and an integrator detecting the time/amplitude product 
of the motor current. A block diagram indicating the functional 
divisions of the positioner motor driver is shown in Figure 5-39C. 
These divisions are: (1) A summation amplifier to sum the servo 
drive signal with the current feedback signal, (2) A current 
amplifier to amplify the output of the summation amplifier to a 
level to drive the position motor, (3) A clamp circuit to disable 
the current amplifier, and (4) An integrator and detector circuit 
to detect over-current conditions. 

The servo Drive Signal is an analog signal generated on the 
Servo (SO) board. When this signal is positive, the Servo Drive 
signal turns on the positive driver network. When the heads are 
detented (held stationary over a track), any motion of the heads 
away from the detent position causes the Servo Drive signal to 
generate an opposing signal. Since positive drive current causes 
the positioner motor to move toward the spindle, attempting to 
manually move the positioner motor toward the spindle will 
cause negative drive current to flow in the motor. The amount of 
current flowing will be proportional to the amount of force 
applied up to the limit of the motor impedance or the detection 
of an over-current condition (full drive for more than approxi- 
mately 65 milliseconds). 

The current amplifier may be disabled from control by the 
Servo Drive signal in three different conditions: (1) during the 
load condition via the clamp circuitry, (2) if an oyercurrent 
condition has been detected via the integrator/detector circuit 
and (3) by manual operation of the servo release switch. 

The current integrator has a time constant of 47 milliseconds 
and the over-current detector a threshold of 0.54V. The resulting 
time constant for the combination of the integrator and the 
detector for a full current condition (6.25 A) is 32 milliseconds 
for currents of either polarity. At the end of the time constant, 
the over-current signal will go low, initiating a similar time delay 
on the Sensor (SR) board. Lower current values cause longer 
delay times with values less than 2.7A being below the threshold 
of the detector circuit. 

5.3.16.3 Brush Motor Driver 

Inputs to the Brush Motor Driver circuit are from complemen- 
tary open collector amplifiers on the sequence logic (SL) board. 
The collector load for each amplifier consists of a 2.2KJ2 resistor 



on the SL board in series with a parallel combination of a 1KO 
and the emitter-base resistance of each transistor to their respec- 
tive supply voltages. Each drive transistor is turned on for one 
half the 60 Hz input, alternatively applying -I-24V and —24V to 
the brush motor at a 60 Hz rate. 

5.3.16.4 Positive and Negative 15 Volt Tracking Regulator 

The control for the plus and minus 15 volt operational 
amplifier power supply is derived from an MC1458L dual ± 15 
volt IC regulator. This IC is a dual polarity tracking regulator 



designed to provide balanced positive and negative output and 
may be externally adjusted for voltage and balance with resistors 
K82 and K79 respectively. 

5.3.16.5 Drawer Unlock Solenoid Pick 

This circuit provides the high current needed to pick the 
solenoid that unlocks the cabinet drawer as well as the low level 
holding current. 

One side of the solenoid is permanently held at -I-24V. 
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When +DRAWER UNLOCK PICK goes high, It provides a high 
current path to ground through transistor El 07. This high current 
is required to overcome solenoid pull-in inertia. 

-DRAWER UNLOCK ENABLE, which went low when 
+DRAWER UNLOCK PICK went high, provides a path for 
holding current through emitter follower action of El 07 when 
+DRAWER UNLOCK PICK times out. 

5.3.16.6 Head Load Solenoid Pick 

This circuit supplies both pick and holding current to the Head 
Load Solenoid. One side of the solenoid is tied to +24V. 

When +HEAD LOAD PICK goes high, a path for high pick 
current is provided through transistor HI 06 to —24V. This causes 
a drop of 48V across the solenoid. 

When +HEAD LOAD PICK goes low, -HEAD LOAD EN- 
ABLE provides a path for the holding current through HI 05 to 
+ 12V by the action of voltage divider H101 and H102. 

5.3.16.7 Braking (Speed Sense) Timer 

The braking timer is a retriggerable one-shot, driven by the 
Phase 2 Spindle Drive signal to the Spindle Motor. The timing 
element is a 555 Integrated Circuit timer adjusted for a nominal 



period of 14 seconds. Retriggerable operation is obtained by the 
use of an open collector interface driver (J97) to keep timing 
capacitor H25 discharged as long as drive is applied to the Phase 2 
Spindle Winding. When the LOAD/RUN switch is changed from 
the RUN position to the LOAD position, a DC signal of +7V is 
applied to Phase 1 A, -7V to Phase IB, OV to Phase 2A and OV to 
Phase 2B. This results in a logic "high" signal occurring at the 
output of J97 and capacitor H25 is allowed to charge through 
resistor H27. When the voltage on H25 reaches 3.3 volts the 
output of the timer (H1905J syvfitches from a iogic "high" to a 
logic "low". The output is level shifted by resistors J16 and J17 
to provide a signal centered around ground to the detector on the 
SD board. No alignment or adjustment is required on this circuit. 

5.3.17 R/W Amplifier (R/W) PCB 

The R/W Amplifier PCB contains the circuitry necessary to 
accomplish the following: 

• Enable the head selected by the using system. 

• Energize the straddle erase winding on the selected head 
when the erase function is gated. 

• Accept write data and clock pulses and, when the write 
function is gated, to convert each pulse into a current 
reversal in the selected head. 



• Determine when a write check condition exists, and 
activate the write check functions 

• Receive read data and clock signals from the selected head, 
condition these signals and, when the read function is 
gated, present these signals to the interface as unseparated 
data and clock pulses. 

• Provide to the interface the necessary indicator and/or 
control signals for write check, write fault, and file ready 
functions. 

• Provide special voltages required by the R/W amplifier 
circuitry. 

• On drives with the Write Protect Option, inhibit the write 
circuitry under write protect conditions as described in 
1.3.1(4), and provide write protect indicator and control 
signals to the interface. 

5.3.17.1 Enabling the Selected Head 

The R/W winding of each head is centertapped. A head is 
disabled by placing a —IV signal on the centertap. A head is 
enabled for writing or reading by placing a signal of -I-23V or -Hi V, 
respectively, on the centertap. The centertap of each head is 
driven by its corresponding three-transistor circuit called a head 
driver. Each of the four drivers has two inputs, one from the head 
select logic and one from the write gate logic. The head select 
logic determines which driver removes the —IV from its corre- 
sponding head center tap, while the write gate logic determines 
whether the selected driver places the centertap at -I-23V (write) 
or -(-IV (read). 

Referring to the R/W Amplifier schematic, the head driver for 
the upper head of the upper disk consists of transistors at B85, 
E86 and E85. plus associated circuitry. Input from the head- 
select logic is applied to the base of the transistor at E86, while 
input from the write gate logic is applied to the base of the 
transistor at E85. In the "not selected" condition the input from 
the head-select logic is high, and E86 is cut off. The R/W head 
centertap is held at —IV under these conditions, regardless of the 
write gate logic input. If the head-select input to this driver goes 
low, E86 conducts. The collector of B85 (and consequently the 
centertap) now goes to either -i-1V or -t-23V, depending on the 
input from the write gate iogic. For a "write" condition, the 
input is high, and E85 conducts. This causes B85 to conduct, and 
heavy current is drawn through the 150 k^ resistor at D86. The 
centertap of the upper-disk upper head is now at -(-23V, and the 
head is ready to receive write data from the write driver (see 
5.3.17.3). 

If the input from the write gate is low, E85 and B85 are cut 
off. With only E86 conducting, the voltage drop across the 
resistor at D86 is only about 23V, placing the head centertap at 
-(-IV, which is the "read" condition. 



Examination of the R/W Amplifier schematic shows that each of 
the other R/W heads has a head driver exactly the same as the one 
just described. 

The head-select logic receives DISK SELECT and HEAD 
SELECT signals from the interface through the Receiver-Driver 
Circuit No. 1 PCB, and applies an enabling signal to the head 
driver of the selected head. Referring again to the R/W Amplifier 
schematic, assume that the using system has selected the upper 
head of the upper disk. The low DISK select is inverted by the 
gate at D56-13. The resulting high is applied to the upper disk 
NAND gates at E66-1 and E66-4. The output of either of these 
two gates will then go low on receipt of a high on the other input 
pin. The high at D56-13 is also inverted at D66-12, and applied to 
lower disk NAND gates at E66-9 and E66-12, disabling these two 
gates. The upper disk has now been selected by the head select 
logic. 

The low HEAD SELECT signal is inverted by gate D56-14, and 
the resulting high is applied to upper-head NAND gates E66-2 and 
E66-13. E66 now has a high on both pin 1 and pin 2, and the low 
output is applied to the base of the transistor at E86, causing it to 
conduct. As previously described, the driver enables the upper- 
disk upper head. 

The head driver for the upper-disk lower-head does not receive 
an enabling low because its corresponding NAND gate receives a 
low at pin 5. 

Similar circuit analysis will show that any one of the heads can 
be enabled, through its corresponding head driver, by a combina- 
tion of the DISK SELECT and HEAD SELECT signals. 

5.3.17.2 Erase Gate 

In order for the erase function to be gated for the selected 
head, the following three conditions must exist: 

• READY TO S/R/W input must be low (indicating "ready") 

• HEADS LOADED input must be high (indicating "heads 
loaded") 

• The ERASE GATE must be low 

Referring to the R/W Amplifier schematic, it can be seen that 
a low READY TO S/R/W and a high HEADS LOADED will 
produce a low at NOR gate 847-13. This places a low on one pin 
of the input NOR gates for the following functions: 

• WRITE DATA 

• WRITE GATE 

• ERASE GATE 

• READ GATE 
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When a low ERASE GATE is received, B56-13 goes high. This 
high is applied to D47-12. Assuming that the write protect input 
at D47-13 is high, a low appears at D47-11. This low accom- 
plishes the following: 

• gates H47-3 so that the head drivers receive a "write" 
signal. 

• conditions exclusive OR gates E56-11 and E56-8 for write 
check functions (to be explained later) 

• causes a high at NAND gate H47-11 

When H47-11 goes high, the transistor at H85 conducts. The 
transistor's collector is connected to the erase bus. One end of 
each erase winding is connected to the erase bus and the other 
end is connected to the centertap of its corresponding R/W 
winding. When the transistor at H85 conducts, collector current 
passes through the erase winding of the head selected as previ- 
ously explained, since that erase winding will be the only one 
with -I-23V on one end. 

5.3.17.3 Data Write Function 

In order for write data and clock pulses to cause current flow 
in the selected R/W head, the following conditions must exist: 

1. The selected head must be in the Write Mode. 

2. Heads must be loaded, and READY TO S/R/W must be 
ready. 

3. The -I-5V supply must be within its lower tolerance limit. 

The WRITE GATE, through B56-2 and D47-3, places a low at 
H47-1. The resulting high output is applied to the head drivers, 
and the selected head is placed in the write mode. This is 
redundant to the ERASE GATE function of causing a high at 
H47-3. 

Write protect and write check are explained in subsequent 
paragraphs. It will be noted here that a high write-protect is 
needed at D47-2 or D47-13 in order to obtain the high at H47-3, 
thereby placing the selected head in the write mode. It will also 
be noted that a high write-check at H47-4/5 will prevent the 
necessary high from being applied to the head drivers. 

As previously explained, when the heads are loaded and the 
drive is ready to S/R/W, a low is applied to B56-9, the write data 
input NOR g^ate. The output of this gate can then go high 
whenever a low data or clock pulse is received on pin 22. Note 
that B56-14 will remain lovy and data and clock pulses cannot be 
applied to the write circuitry, if either the HEADS LOADED or 
READY TO S/R/W change state. 

With 856-14 enabled, and with a high on pins 2 and 13 of 
AND gate E47-12, data and clock pulses are applied to the write 



flip-flop at 866. The write gate has previously caused a high to be 
applied to the set and reset inputs of the flip-flop. Each pulse 
received by the write flip-flop causes it to change the state of its 
Q and Q outputs, which drive the write drivers. With each change 
in state, these drivers cause current to flow in alternate halves of 
the R/W winding. Since the direction of current flow is opposite 
in the two halfs, each change of state of the write flip-flop causes 
a flux transition on the selected disk surface. 

It will be noted that the high on E47-2/13, which drives the 
write flip-flop, is furnished by a voltage divider off the +5 Vdc 
line. If the voltage falls below approximately 5V, the voltage 
applied to E47-2/13 will be insufficient to constitute a high 
condition, and this gate will then block data and clock pulses 
from reaching the write flip-flop. 

5.3.17.4 Read Function 

When there is no WRITE GATE signal (or no ERASE GATE 
signal), the output of the head-driver write conditioning NAND 
gate H47-3 is low, and the selected-head centertap is at +1 V, the 
"read" mode. Flux transitions on the disk surface now induce 
voltages in the selected head winding; the resulting signal is 
amplifier and shaped to produce read data and clock pulses at the 
interface. 

Referring to the R/W Amplifier schematic, signals induced in 
the selected R/W winding are applied to a buffer amplifier 
consisting of transistors at D97 and D106, whose output drives a 
three-section read amplifier. The three sections provide preampli- 
fication, equalization, and final amplification, respectively, using 
three 592A operational amplifiers. The output of the amplifier is 
applied to an 8T20B zero-crossing detector at J39. The Schmitt 
trigger section provides a step leading edge to trigger the mono- 
stable multivibrator section, which produces an output pulse of 
100 ns (nominal). A 100 ns pulse is therefore produced for each 
flux transition. However, there is no output from the multi- 
vibrator unless it is enabled by a low on pin 3. This low is 
produced by the low —READ GATE signal at PCB interface pin 
20. With the heads loaded and the drive ready to S/R/W, the 
—READ GATE causes a high at gate B47-14, which is inverted by 
a NAND gate at D9-6. 

The positive READ DATA AND CLOCK pulses at the Q 
output of the zero-crossing detector are inverted by NOR gate 
D37-2, and applied to the Data Clock Separator PCB through 
R/W Amplifier PCB interface pin 32. 

5.3.17.5 Write-Check 

Write-check circuitry on the R/W Amplifier PCB prevents the 
head driver of the selected head from being in the write mode 
whenever any of the following conditions occur: 

• Write current without a true —WRITE GATE line or 
-ERASE GATE line, 

• Write and select of more than one head. 



• Erase current without a true —ERASE GATE line, or 

• —ERASE GATE line true without erase current. 

Any of the foregoing conditions will set the write-fauit F/F, 
which consists of negative logic AND gates at H37-13 and H37-3. 
Setting this F/F results in a high at H37-3. This high is applied to 
a NAND gate at H47-4/5. The low output of this NAND gate 
prevents the input transistors of any of the head drivers from 
conducting, and the write operation is prevented. 

For purposes of this description assume that the disk drive is 
in the LOAD mode. The -i-SPINDLE ENABLE signal input of pin 
30 of the R/W PCB connector is low. This is gated through E47-6, 
inverted at H37-2, and is applied as a high to the reset input to 
the write-fault F/F at H37-5. Its output at H37-3 is therefore low, 
as is H37-12. The set input is also low, and is determined at 
E47-8. As will be explained later in this paragraph, all three 
inputs to the negative-logic NOR gate at E47-8 will be high under 
conditions of no write-fault. The high at H47-9/10 is inverted and 
applied as a low to the set input of the write-fault F/F at H37-1 1 . 
With both inputs at H37-11, 12 low, the output at H37-13 is 
high. 

When the disk drive is switched to the RUN mode, -i-SPINDLE 
ENABLE goes high, resulting in a low at the reset input of the 
write-fault F/F at H37-5. This has no effect, since the input at 
H37-4 is still high, but an additional low at H37-4 would now set 
the F/F. The F/F is now completely reset, and if no write fault 
exists, disk drive operation is normal. A write fault will cause one 
of the inputs at E47-9, 10, 11 to go low, setting the F/F and 
inhibiting writing as described previously. Reset is accomplished 
with the -I-SPINDLE ENABLE signal, by switching the disk drive 
to LOAD and back to RUN. It should be noted that the 
write-fault F/F is also reset by the -INITIAL RESET PULSE. 

One of the conditions which will cause a low input to E47-9, 
10, 11, thereby setting the write-fault F/F, is write current 
flowing without a true -WRITE GATE line or -ERASE GATE 
line. Write current is sensed by a transistor at H86. With no write 
current, and with the head drivers not in the write mode, the 
drop across the 27^ resistor at H82 is only about 78 mv, which is 
insufficient to allow the transistor at H86 to conduct. With H86 
cut off, the diode at H77 is forward biased, and conducts. Its 
cathode, then, is approximately at ground when no write current 
is flowing. During a write operation, with all transistors of the 
selected head driver conducting, the current through the 27Q 
resistor at H82 is sufficient to cause at least 13 ma of collector 
current to flow through the 2.2k£2 resistor at H79. This places 
the cathode of the diode at H79 at approximately -i-5V. The two 
diodes at H78 and H77 therefore clamp the junction between 
them at ground (low) for r>o write current, arwJ at -H5V (high) for 
write current. This junction is connected to one input of an 
exclusive OR gate at E66-13. The other input will be high when 
neither the -WRITE GATE nor the -ERASE GATE is true. With 
no write or erase gate, but with write current flowing, both inputs 



to the exclusive OR gate will be high, and its low output will set 
the write fault F/F. 

Another condition which will cause a low input to E47-9, 10, 
1 1 , thereby setting the write-fault F/F, is write and select of more 
than one head. This condition is sensed by a transistor at J71. 
This transistor is normally cut off, and its collector is at -i-5V. If 
more than one head is selected and is writing, the current through 
the resistor at H70 will be sufficient to cause the transistor at J71 
to conduct. Its collector will go low, setting the write-fault F/F. 

The write-fault F/F is also set when the status of erase current 
does not agree with the condition of the —ERASE GATE line. 
This condition is sensed by an exclusive OR gate at E56-8. The 
input at pin 10 of this gate is high when erase current flows 
through the resistor at H88, and low when no erase current is 
flowing. The input at pin 9 of the exclusive OR gate is low when 
-ERASE GATE is true, and high when it is false. If -ERASE 
GATE is false but write current is flowing, both inputs to the 
exclusive OR gate will be high, and its low output will then set 
the write-fault F/F. Conversely, when —ERASE GATE is true but 
no erase current flows through H88, both inputs to the exclusive 
OR gate will be low, and its low output will set the write-fault 
F/F. 

As previously explained, the high at H37-3 when the write- 
fault F/F is set will inhibit writing. The high is also applied to a 
negative logic AND gate at H28-6, where it inhibits FILE READY 
indicator and control signals. 

The other section of the write-fault F/F, H37-13, goes low 
when set. Its output provides the -i-WRITE FAULT signal and the 
-WRITE CHECK INDICATOR signal. 

The -WRITE CHECK INDICATOR signal also occurs if the 
high voltage supply on the R/W Amplifier PCB falls below 
tolerance. This is sensed by a transistor at J74. Two zener diodes 
at J78 and J80 are reverse biased sufficiently for them to 
conduct, holding the base of the transistor at J71 approximately 
10 volts more positive than the 11— volt supply. With a base- 
emitter voltage of —IV, the transistor is cut off. If the 11— volt 
supply drops to less than about dVi volts, the transistor will 
conduct. The collector will go low, and the —WRITE CHECK 
INDICATOR and -^VOLTAGE CHECK signals will occur. 

5.3.17.6 Write Protect Option 

When the Write Protect Option is installed on the Series 40, 
circuitry on the Read/Write Amplifier PCB requires a specific 
front-panel action by the disk drive operator in order to enable 
writing after the write-protect condition is set. Write protect is 
initially set when the disk drive is placed in the LOAD mode, or it 
can be set by interface signal from the controller. Write protect is 
cleared (reset) by depressing a front-panel switch. However, the 
switch has no effect unless the disk drive is in the RUN mode 
when the switch is depressed. An indication of the status of 
write-protect is furnished to a front-panel indicator and to the 
interface. 
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Referring to the R/W PCB schematic, there are two write- 
protect flip-flops, one for the upper disk and one for the lower 
disk. The upper write-protect F/F consists of two negative logic 
OR gates at D18-6 and D 18-1 2. The lower write-protect F/F 
consists of two similar gates at E9-8 and E9-12. When write 
protect is set, both F/Fs will be set, and a low will occur at either 
D18-8 or E9-6, depending on which disk is the selected disk. 
Either of these lows will be gated through H9-6, H9-8, and D37-3, 
and will result in the following: 

1. The -WRITE PROTECT signal at H9-8 will disable the 
write gate D47-3 and the erase gate D47-11, both on the 
R/W PCB. 

2. The -WRITE PROTECT signal at H9-8 will be gated 
through H9-3 and H18-3. The low at H18-3 will ground one 
end of the lamp in the PROTECT switchlight on the front 
panel, illuminating the PROTECT switchlight. 

3. The low at D37-3 will be sent to the RDR1 PCB, where it 
will be ANDed with the -FILE SELECT signal from the 
controller and then sent to the interface as the WRITE 
PROTECT STATUS signal. 

The following text describes the functioning of the upper 
write-protect F/F, D 18-6/1 2. Operation of the lower write- 
protect F/F is the same. The following description assumes that 
both disks are enabled for write protect by the absence of 



jumpers at E10 and Ell. It is also assumed that the Series 40 has 
been enabled for write protect by the absence of a jumper 
between ground and connector pin P8A-8 on the Panel Distrib- 
utor PCB. Absence of this jumper results in no electrical connec- 
tion to R/W PCB interface pin 8 (-WRITE PROTECT DIS- 
ABLE). Under this condition, a high remains at D18-10 and E9-4. 

With the upper disk selected, a high exists at D18-11. Since 
pins 10 and 11 of D18-8 are high, any low input to D18-6 will set 
write protect. 

With power on, no -i-WRITE PROTECT INPUT signal from the 
controller, and the disk drive in the LOAD mode, the conditions 
shown on the first line of Table 5-7 exist. 

The write-protect F/F is set by lows on pins 4 and 3 of D18-6. 
The low at D18-4 is due to the high on D28-1, which exists 
whenever the spindle drive is enabled. The low on D18-3 exists 
because all inputs to D18-12 are high. Note that at this time, 
depressing the PROTECT switchlight on the front panel would 
only remove the low from D18-3. D18-4 would still be low, and 
write-protect would still be set. 

Switching from the LOAD mode to the RUN mode removes 
the high from D28-1 and the low from D18-4. As shown in Table 
5-7, a low still exists on D18-3, since the PROTECT switchlight 
has not been depressed, and the F/F is therefore still set. 



The disk drive operator can now depress the PROTECT 
switchlight to reset the write-protect F/F. As shown in Table 5-7, 
this removes the low from D18-3. The table shows conditions 
which exist while the switchlight is depressed. When the switch is 
released, D18-1 goes high again. However, D18-2 is now low since 
the F/F has been reset. 



Receipt of a +WRITE PROTECT INPUT signal from the 
controller is also shown in Table 5-7. This signal is applied to 



NAND gate D9-3, and sets the write-protect F/F by means of a 
low at D18-5. As previously descirbed, depressing the PROTECT 
switchlight will again reset the F/F. 

When the disk drive is switched from RUN to LOAD and the 
spindle motor is disabled, the F/F is set through D28-3. 

It should be noted that if a jumper is installed at E10, the F/F 
is automatically reset when the drive is switched from LOAD to 
RUN. 



Table 5-7. 
Write Protect Conditions 
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SECTION 6 
MAINTENANCE 

6.1 GENERAL MAINTENANCE INFORMATION 

6.1.1 Maintenance Requirements 

Reduced preventive and corrective maintenance are inherent in 
the Series 40 Disk Drives. Alignments are simple to perform and 
infrequently required (see paragraph 6.6.1). Mechanical wear has 
been virtually eliminated by the absence of belts, pulleys, friction 
drives, potentiometers, or other mechanisms normally requiring 
field maintenance. Spindle speed and the head position are 
controlled electronically, with a minimum amount of mechanical 
hardware. As a result of this design, normal preventive mainte- 
nance is reduced to cleaning and air-filter replacement, as des- 
cribed in Paragraph 6.4. 

6.1.2 Maintenance Instructions 

The Series 40 user should consult Paragraph 6.2 of this 
manual, compare the lists with his existing or projected tools and 
test equipment, and determine the level of maintenance capabil- 
ity he intends to maintain. Preventive maintenance is described in 
6.4, while corrective maintenance is covered by 6.5. Prior to 
performing any alignment or maintenance, the user should famil- 
iarize himself with the location of assemblies in the Series 40, as 
shown in Paragraph 6.3. Particular attention is invited to Para- 
graph 6.7.1, which gives the location within this section of 
instructions for replacement of the various parts and assemblies. 

6.1.3 Maintenance Precautions 

To avoid damage to the Series 40 or an associated disk 
cartridge, observe the following precautions during maintenance: 

1. Never connect or disconnect any cable assembly to or from 
the Series 40 with the power present at the DC power 
connector. 

2. When the lower disk is exposed, avoid scratching, nicking, 
fingerprints or other contact with the coated surface of the 
disk. 

3. Electronic detenting holds the head carriage in position 
when power is applied. Do not attempt to move the 
carriage by hand while power is on unless the servo release 
switch is in the release position. Figure 6-1 shows the 
location of this switch on the heat sink assembly. 

4. Keep the Series 40 as clean as possible. When the drive is 
open for maintenance but is not actually being worked on, 
protect it from dust with a lint-free cover. The assembled 
disk drive should never be stored without either a cartridge 
dust cover or a plastic bag in place. 

5. When the top cover is in place, the drive should be left in 
the RUN mode whenever possible. This will insure that 



clean air will be drawn through the filter and supplied to 
the interior of the disk drive. 

6.2 REQUIRED TOOLS, TEST EQUIPMENT, 
AND SPARES 

6.2.1 Levels of Maintenance 

This paragraph (6.2) describes the tools, test equipment, and 
spares required for preventive and corrective maintenance of a 
Series 40 Disk Drive. For brevity, common hand tools are not 
listed in the manual. Preventive maintenance of the drive is 
simple, and it is assumed that all users will perform such 
maintenance themselves. Corrective maintenance capability varys 
greatly between organizations. Some Series 40 users may have a 
trained service force, spare drives, and complete facilities, whereas 
others may be limited to circuit-board replacement. Consequent- 
ly, the corrective maintenance described in this manual is divided 
into three levels, each requiring successively more extensive test 
equipment, spares, and technical capability of personnel. The test 
equipment and spares are listed separately in 6.2.3 for the 
different levels. For corrective maintenance beyond the user's 
capability, contact Diablo Customer Service. As used in this 
manual, the corrective maintenance levels are as follows: 

1. LEVEL 1 — minimum corrective maintenance. Substitution 
of circuit boards. Simple component replacements and 
adjustments, not requiring significant disassembly of the 
drive. 

2. LEVEL 2 — Level 1 maintenance plus replacement and 
alignment of R/W heads. Component replacement requiring 
limited disassembly of some parts of the drive. 

3. LEVEL 3 — Level 2 plus major disassembly, reassembly, 
and alignment. 

In the following lists, all part numbers shown are Diablo part 
numbers. Numbers in parentheses represent recommended quanti- 
ties if greater than one. 

6.2.2 Preventive Maintenance Items 

The following items should be available to each person 
servicing a disk drive on a scheduled basis: 

a. Head cleaning pads, 91% isopropyl alcohol (Texpads, or 
equivalent) P/N 99000-01 (10) 

b. Air filters, P/N 16163(2) 

c. Bottle of touch-up lacquer, P/N 99004-01 (gray), 02 
(brown), 03 (white) 

d. Adhesive tape (1 roll) 

e. Tongue depressors (1 box) 



f. Cotton swabs 

g. Metal cleaner, P/N 70677 (1 bottle) 
6.2.3 Corrective Maintenance Items 

6.2.3.1 Level 1 Maintenance 

a. One each of all pluggable PCBs 

b. Extender board: P/N 11427 

c. Power transistors, 3 each type 

d. Lamp, miniature flange, 28V; P/N 10545-01 (12) 

e. Brushes, P/N 16082 

f. Oscilloscope, vbw ^ 15 MHz, vds ^ 100 mV/cm, sweep 
speed ^50 ns/cm. 

6.2.3.2 Level 2 Maintenance 

a. All Level 1 maintenance items. 

b. Alignment cartridge, P/N 70306 (100 tpi) or 70709 (200 
tpi). 

c. Set of R/W Head Assemblies, P/N 16781-01, 02, 200 tpi; 
P/N 16272-03, -04, 100 tpi. 

d. Head-loading Spring, P/N 16260 (2400 rpm) or 16360 
(1500 rpm). 

e. R/W Head Adjustment Tool; P/N 16087. 

f. R/W Head Alignment Plug, P/N 251 04A. 

g. Plastic feeler gauges. 

h. Torque screw driver, P/N 99001. 
i. "L" shaped Allen wrench, 9/64. 
j. Index Transducer Adjustment Tool, P/N 16533. 

6.2.3.3 Level 3 Maintenance 

a. All Level 2 maintenance items. 

b. Spindle cone, P/N 15171. 

c. Alignment bar, P/N 16438. 

d. Spindle Assembly, P/N 161 17 (100 tip disk drives only) 

e. Head-Positioner Assembly, P/N 16010-10 (100 tpi) or 
16010-20 (200 tpi) 



f. Heat Sink Assembly, P/N 16712. 

g. Head-Positioner gasket, P/N 16258. 

6.3 LOCATION OF ASSEMBLIES 

Figure 6-1 shows the location of major assemblies of the Series 
40. The disk drive is shown with the Card Cage and Heat Sink 
Assemblies in the extended, or "maintenance" position. Figure 
6-2 shows other positions. Location of PCBs within the I/O Box 
and the Card Cage is shown in Figure 6-3. Location of lower level 
assemblies and parts is shown in the various illustrations in 
Section 7. 

6.4 PREVENTIVE MAINTENANCE 

6.4.1 Preventive Maintenance Philosophy 

The principle of maximum machine available time governs the 
preventive maintenance recommendations contained herein. Un- 
less a preventive maintenance procedure increases overall machine 
available time, it is not recommended. Except for the procedures 
recommended in Paragraph 6.4.2, no maintenance or adjustment 
should be performed on a drive that is operating satisfactorily. 

6.4.2 Preventive Maintenance Procedures 

Table 6-1 summarizes the recommended preventive mainte- 
nance procedures, and is based on one-shift-per-day operation in a 
normal office environment. Operation in an abnormally dirty 
environment, a high frequency of cartridge changing, or multi- 
shift operation would increase the frequency of preventive main- 
tenance required. In addition to the maintenance listed in Table 
6-1, the base plate should be wiped with a lint-free cloth and 
vacuumed whenever the bowl is removed. 

Table 6-1. 
Preventive Maintenance Action 



Interval 


Action 


Paragraph 


Semi-annual 
Semi-annual 
Semi-annual 


Clean and inspect R/W Heads 
Clean and inspect magnetic ring 
Replace air filter 


6.4.2.1 
6.4.2.2 
6.4.2.3 



Prior to performing any of the preventive maintenance pro- 
cedures listed in Table 6-1, insure that there is no disk cartridge 
installed, and that power to the Series 40 is off. See Paragraph 
6.7.2.2 for removal of disk pack with power off. Remove the top 
cover as described in 6.7.2.1 . 

6.4.2.1 Cleaning of R/W Heads 

In order to clean the R/W heads, the card cage must be 
lowered to provide access to the lower heads. To accomplish this, 
refer to Figure 6-2 and proceed as follows: 
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Figure 6-1 . Location of Assemblies Series 40 Disk Drive 



1. Loosen the securing screw at the left edge, middle, of the 
data channel box, as shown in Figure 6-2a. Lift the data 
channel box and move the card cage to the intermediate 
position. 

2. Loosen the card cage restraint screw, move the restraint 
slightly forward until the restraint screw is clear of the slot. 

3. Swing the card cage down into the maintenance position, 
unhook the card-cage support wire, and lower the card cage 
into the head-cleaning position. 

Access to the lower heads is now possible by manually moving 
the head carriage all the way to the rear. Clean both lower heads 
by rubbing lightly with a pad soaked with 91% isopropyl alcohol 
(Texpad, or equivalent). The pad should be wrapped around a 
tongue depressor, so that light to moderate pressure can be 
exerted. Use a lint-free wiper to remove alcohol residue. Clean the 
upper heads in a similar manner, except the head carriage can be 
moved forward to make the upper heads easily accessible in the 
bowl. See 6.6.2(4) for procedure to move carriage with power 
off. 

Complete removal of all contamination from the heads is 
mandatory, including fingerprints. 



6.4.2.2 Cleaning and inspection of the Magnetic Ring 

Use adhesive tape to remove any particles from the magnetic 
ring at the top of the Spindle Assembly. If there is any sign of 
corrosion on the magnetic clutch surface, remove the corrosion as 
follows: 

1. Remove the lower disk cover by removing the four screws 
which hold it to the inside of the bowl. 

2. Using a very small quantity of metal cleaner (P/N 70677) 
on the end of a "Q-tip," rub the clutch surface (see Figure 
6-4) until the corrosion is lifted. Exercise care to ensure 
that fluid does not run between the magnet and the clutch. 

3. Clean the clutch surface with alcohol, P/N 5002. 

4. Repeat Steps (2) and (3) until all traces of corrosion are 
removed. 

5. Thoroughly clean clutch surface and sides with alcohol. 
Exercise caution to ensure that the clutch surface is not 
touched with fingers after performing this step. 

6. When the alcohol has evaporated, coat the clutch surface 
with a smooth, thin layer of corrosion inhibitor (P/N 
70191 ) applied with a clean "Q-tip." 

7. Replace the lower disk cover. 
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Figure 6-3. PCB Locations 



6.4.2.3 Replacing the Air Filter 



Figure 6-2. Card Cage Positions 



To replace the air filter, first remove the plenum chamber (see 
Figure 6-1), which is held in place with two screws. Exercise 
caution so that the gasket around the sealing edges of the plenum 
chamber is not damaged. The air filter and pad can now be lifted 
straight up. Install a new air filter and pad, observing the air-flow 
direction printed on the filter label (arrow up), and replace the 
plenum chamber. Insure that both gaskets are well seated on their 
sealing edges. 

6.5 CORRECTIVE MAINTENANCE 

6.5.1 Corrective IVIaintenance Philosophy 

The corrective maintenance philosophy involves two periods— 
the warranty period and the post-warranty period. While the 
Series 40 warranty is in effect, corrective maintenance by the user 
should normally be limited to circuit board replacement; if 
equipment malfunction cannot be cured by PCB replacement, 
Diablo should be contacted for technical assistance or for return 
of the unit for repair. 

6.5.2 General Troubleshooting Techniques 

The recommended first step in troubleshooting is to identify 
in which of the following categories the malfunction falls: 

• Series 40 problem 

• Non-Series 40 problem 

• Interchangeability problem 



If all indications are normal except for the presence of 
non-intermittent data errors, the problem is probably one of disk 
pack interchangeability. The alignment of the Read/Write heads 
may be off. In this case, verify machine alignment by performing 
the adjustments described in Paras. 6.6.4.3, 6.6.4.4, and 6.6.4.5. 

If the problem is not one of disk interchangeability, it should 
then be determined if the Series 40 is malfunctioning or if the 
problem is actually originating externally to the disk drive. Check 
the cartridge seating, verify that all cable connections (including 
the terminator) are properly made, and that correct signals are 
being presented to the Series 40 interface. If malfunctioning 
persists, turn off the DC power supply, disconnect the I/O cable, 
and turn on and verify DC power. A CHECK light in the LOAD 
mode indicates low voltage in the R/W electronics. 

Load a cartridge onto the disk drive, and attempt to place the 
drive in the RUN mode. If the spindle does not start, the problem 
is with the disk drive, and trouble in the Oscillator PCB, Spindle 
Drive PCB, Sequence Logic PCB, Heat Sink, or mechanical 
interlocking is indicated. 

If the spindle starts, either the READY or CHECK light should 
come on within one minute, and the corresponding output at the 
interface connector should be true if the unit is selected. 

CHECK light ON indicates low voltage or trouble in the 
"write" circuitry. The READY light on indicates that the cart- 
ridge is properly seated, the spindle speed is correct, and heads 
are loaded. 

If neither light comes on within one minute, power or other 
internal difficulty is indicated. 
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Figure 6-4. Clutch Surface and Magnet 



The Series 40 is designed so that each PCB has well-defined 
functions, as described in Section 5 of this manual. The inter- 
change of PCBs should be used to isolate faulty PCBs. For 
instructions on the removal of PCBs see 6.7.1 . 

6.5.3 Head Crash 

If a "head crash" (head touches disk surface) occurs, this is 
usually detectable audibly. If this occurs, both the disk and the 
"crashed" head must be replaced as described in 6.7, in addition 
to rectification of the cause of the head crash. (NOTE: the vast 
majority of head crashes are due to contamination caused, in 
turn, by careless handling and operation of the drive. See 3.1.1b 
and 6.1.3. 



6.6 ADJUSTMENTS 

6.6.1 Adjustment Requirements 

Figure 6-5 shows the conditions under which adjustments are 
normally required. Except under these conditions, no adjustment 
should be attempted unless equipment malfunction indicates a 
definite need for a specific adjustment. Numbers in the grid of 
Figure 6-5 indicate the maintenance level of the adjustment as 
defined in 6.2.1. 

Several of the adjustments described in 6.6 require the use of 
an alignment cartridge. Instructions in this manual do not pertain 
to the use of alignment cartridges other than the Diablo Systems 
cartridge. When using the cartridge for making adjustments on 
disk drives with the Write Project Option installed, write protect 
should be set to prevent inadvertent writing on the disk. 

In several of the adjustment procedures, the use of a program- 
mable tester (exerciser), while not mandatory, greatly facilitates 
the adjustments. Where use of the exerciser is specified, the Series 
40 user may choose to provide the same interface signals by some 
other means. 

Removal of the top cover, as described in 6.7.2.1, constitutes 
the first step of each of the adjustments described herein. For 
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simplicity, however, the removal procedure is not cited in each 
adjustment. 

6.6.2 Defeat of Interlocks 

Most of the adjustment procedures described herein require 
defeat of one or more interlocks, particularly if the disk drive is 
being adjusted while installed in a rack. Defeat of interlocks is 
accomplished as follows: 

1. Opening the drawer with the power off-the drawer latches 
can be operated with power off by reaching through the 
hole in the center of the underside of the drawer handle, 
and pushing the interlock level to the left while pulling on 
the drawer handle. 

2. Opening the cartridge clamps— with the top cover removed, 
the cartridge clamps can be spread under any conditions of 
power, head position, or brush position by manually 
moving the cartridge clamp interlock link forward. This link 
is accessible by reaching between the right-hand cartridge 
clamp and the cartridge clamp safety stop. See Figure 6-24. 

3. Operating the Spindle with drawer open and no cartridge 
installed— the spindle motor can be operated by manual 
operation of the unit home switch (see Figure 6-8) and the 
dust cover interlock switch. 

4. Moving the head carriage with power off— the head carriage 
can be moved from the full retract position by moving the 
carriage interlock link forward as in 6.6.2(2) preceding. 



6.6.3 Level 1 Adjustments 

6.6.3.1 Write-Protect Jumpers 

With the Write Protect option installed, either or both disks 
can be individually enabled or disabled for write protect by 
proper connections on the R/W Amplifier PCB. Figure 6-6 shows 
the PCB. A ion, ±5%, 1/4W resistor connected between E10 and 
ground disables write protect on the upper disk, while a similar 
resistor installed between Ell and ground disables write protect 
on the lower disk. For access to, and removal of, the R/W 
Amplifier PCB see 6.7.2.9. 

6.6.3.2 Striker Plate and Unit Home Switch Adjustment 

This adjustment must be made with the disk drive fully 
mounted in the rack. Proceed as follows: 

1. Loosen the right-hand striker plate by loosening the two 
screws as shown in Figure 6-7. 

2. Repeat Step (1) for the left-hand striker plate; in addition, 
the two screws on the rear end of the striker plate and the 
two screws holding the I/O mounting bracket to the striker 
plate must be loosened. 

3. Adjust both striker plates so that the drawer latches shown 
in Figure 6-8 engage when light pressure is applied to the 
front panel. Tighten the eight screws. 

4. Check that the unit home switch overtravel is 0.060 inches 
± 0.030 inches. Loosen holding screws (see Figure 6-8) and 
adjust overtravel if necessary. 




Figure 6-5. Adjustment Requirements 



Figure 6-6 Write Protect Disk Select 
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Figure 6-7. Striker Plate Screw Locations 



6.6.3.3 Head-Load Dashpot Adjustment 

Adjustment of the dashpot requires an oscilloscope and a disk 
pack having information written at track zero. To perform this 
adjustment, the data channel box must be swung out of the way 
as described in 2.2.3 to expose the head positioner. The dashpot 
adjustment screw is located slightly in front of the right front 
vertical edge of the linear motor housing, as shown in Figure 6-9. 
The adjustment procedure is as follows: 

1. Install a disk pack having data written on track zero, and 
place the disk drive in the RUN mode. Allow the drive to 
come to READY. 

2. Using the negative-going leading edge of the head-load pick 
signal at Pin P7-12 of the heat sink as a trigger, observe the 
signal at TP1 of the R/W Amplifier PCB. 

3. Trigger the head-load one-shot by grounding Pin 3 of the 
Sequence Logic PCB. 

4. Observe the trace on the oscilloscope. A data burst appears 
at TP1 when the heads are fully loaded. 
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5. Repeat Steps (3) and (4), and turn the dashpot adjustment 
screw until the first pulse appears 60 ms ± 5 ms after the 
start of the sweep, as shown in Figure 6-10. 

6.6.3.4 Head Carriage Retract Switch Adjustment 

1. Loosen the screws and adjust both switches so that the 
retract switch (the top switch) "makes" when the carriage 
is .060 ± .020 inch from contacting the read end-stop. 

2. Secure screws 

Note: Separate adjustment of the interlock switch (the 
lower switch) should not be necessary. 

6.6.4 Level 2 Adjustments 
6.6.4.1 Brush Mechanism Adjustment 

1. Lower the front panel to the maintenance position as 
described in 6.7.2.5. 

2. Loosen the three hex-head screws which fasten the brush- 
motor plate to right front corner of the baseplate as shown 
in Figure 6-11. For visibility, the bowl, front panel, and 
other parts have been omitted from the figure. 

3. Remove the plenum chamber by removing the two plenum 
chamber holding screws. 

4. Exerting a light clockwise pressure on the upper brush arm, 
measure the clearance between the brush bristles and the 
bowl wall. If the clearance is not 0.062 ± .031, loosen the 
jam nut on the eccentric (A) in Figure 6-12, and rotate the 
eccentric until proper brush-to-wall clearance is obtained. 
Tighten the jam nut. 

5. If the brush motor arm is not in the position as shown in 
Figure 6-12, manually rotate the brush motor arm clock- 
wise to that position. Insure that the pin is detented in the 
rear end of the slot in the brush mechanism link, as shown 
in Figure 6-12. 

6. Slide the brush-motor plate backwards or forward to set the 
clearance between the eccentric and the brush level to 
0.005 ± .004. Tighten the three brush-motor plate screws. 
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Figure 6-8. Latch and Switch Location 



Figure 6-9. Dashpot Adjustment Screw 



Figure 6-10. Head Load Dashpot Waveform 

7. Loosen the two screws holding the brush switch. With the 
brush mechanism still in the position described in Step (5) 
preceding, adjust the switch level to be depressed 0.030 ± 
.005 beyond the "make" point. Tighten the two screws. 

8. With drawer and cartridge interlocks defeated as described 
in 6.6.2(3), place the drive in the RUN mode, and check for 
proper operation of the brush mechanism. Brushes should 
make one cycle and then stop. 

9. Start another brush cycle by placing the drive in the LOAD 
mode and then the RUN mode. Remove power to the drive 
when the brush motor reaches the midpoint of its cycle. 

10. Manually push the brushes back into the full retracted 
position. Apply power to the disk drive. 

11. The brush motor cycle should complete, and the pin should 
be detented in the rear end of the slot in the brush 
mechanism link. (Note: An additional cycle can occur 
before the brush motor stops. This is acceptable). 

6.6.4.2 Lower Index Transducer Adjustment 

Place the drive in the RUN mode, and observe the signal at pin 
W on the Sensor PCB. The amplitude of the positive peaks should 
be between 450 and 800 mV. If the signal falls outside the 
450-800 mV range, precede as follows: 

1. Place the arive in the LOAD mode and, when able, remove 
the upper disk cartridge. 

2. Remove the lower disk per instructions in section 6.7.3.2. 

3. Using a plastic feeler gauge, verify transducer lamination- 
to-sector ring clearance of .008" ± .003", as shown in 
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Figure 6-11. Brush Motor Plate 



r-^ n 



/-5 Mils 
/ . — Eccentric jam nut 



Brush Switch 




Brush Mechanism Link 



' Switch Lever 




-® 



Brush Motor Arm 



Sliding Motor Plate 



LAMINATIONS 



(§>- 



SECTOR RING 





,--q. 



+ any, 1 



.008 + .003 



«""^^^ 



SHIMS 



A. 



Figure 6-13. Lower Index Transducer Adjustment 



Figure 6-12. Brush Mechanism Adjustments 



Figure 6-13. If the clearance is out of tolerance, loosen 
screws A, and add or remove shims (P/N 16358) as 
required. Re-tighten screws A just enough to secure the 
transducer and still allow slight lateral movement. 

4. Align the transducer/lamination center line with the spindle 
hub center, and move the transducer in or out radially until 
the inner edge of the lamination is approximately even with 
the base of the sector slots as observed through one of the 
holes in the hub. 

5. Place the drive in the RUN mode, and observe the signal. 
Being careful not to greatly disturb its radial alignment with 
spindle center, move the transducer gently in and out to 
produce optimum signal level. 

6. Hold the transducer in this position and carefully tighten 
screws A. Recheck the signal for proper level, and readjust 
as necessary. 



6.6.4.3 Adjustment of R/W Heads 



6.6.4.3.1 Upper Heads 

NOTE 
Unit must be removed from its shiipping base, and either 
racl< mounted or placed on a stable surface before attempt- 
ing these adjustments. 

To adjust the upper heads, an exerciser or other means of 
positioning the heads to a desired track, an alignment cartridge, 
oscilloscope, torque screwdriver, R/W Head Alignment Plug (P/N 
251 04A), and the head adjustment tool (P/N 16087) are needed. 
The procedure for adjustment is as follows: 

1. Install the alignment cartridge, and then proceed with the 
alignment, observing the temperature stabilization criteria 
outlined below. 
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CAUTION 
Thoroughly clean all cartridge/spindle mating surfaces using 
head cleaning pads listed in 6.2.2. Be certain the cartridge is 
write protected. If write protect option is not installed, 
disable write function at controller or CPU. 

TEMPERATURE STABILIZATION 

The alignment cartridge shall be temperature stabilized to the 
disk drive operating temperature prior to attempting alignment. 

CAUTION 
Only after the disk drive has been temperature stabilized 
can the alignment cartridge stabilization be accomplished. 

DRIVE TEMPERATURE STABILIZATION 

The Series 40 Disk Drive is temperature stabilized after two 
hours of head-loaded operation from a cold start-up in the 
recommended machine operating environment. 

ALIGNMENT CARTRIDGE TEMPERATURE STABILIZA- 
TION 

The time required for temperature stabilization of the align- 
ment cartridge is dependent upon the cartridge storage environ- 
ment. 

• Storage in the Drive Operating Environment— if the 
cartridge storage temperature is essentially the same as 
the recommended machine operating environment, the 
cartridge shall be allowed to run in the drive with heads 
loaded for 15 minutes prior to attempting the alignment 
procedure. 

• Storage in Other Than The Drive Operating Environ- 
ment-if the cartridge storage temperature Is essentially 
different from the recommended drive operating 
environment, the cartridge shall be allowed to run in the 
drive with heads loaded for 30 minutes. After this initial 
period the cartridge shall be removed, reinstalled, and 
the drive operated with heads loaded for an additional 
15 minutes prior to attempting the alignment procedure. 

2. Lower the card cage to the head-cleaning position as 
described in section 6.4.2.1, then set up the oscilloscope as 
follows: 

• Connect channel 1 to TP-1 of R/W board. This provides 
a differentialted read signal (see logic diagram 1 1486). 

• Connect channel 2 to pin 11 of SR board (location 
M06). This provides -SELECTED INDEX MARK (see 
logic diagram 11411). This line will provide unseparated 
sector index marks when the Sector Counter Option is 
installed. Due to the drive electronics, the index pulse 
will be gated on this line. 



• Trigger on negative (leading) edge-SELECTED INDEX 
MARK. 

• Set vertical scale for channel 1 to 50 mV/Div-100 tpi, 
or 20 mV/Div-200 tpi. 

■ Set vertical scale for channel 2 to 2 V/Div. 



Set horizontal scale 
ms/div-200 tpi. 



to 2ms/Div-100 tpi, or 1 



3. A. Observe the negative going INDEX signal on channel 2, 

adjust the variable sweep control until two INDEX 
pulses appear on the screen, one at the left-most graticle, 
and one at the right-most graticle, as shown in Figure 
6-14. (100 tpi Alignment Cartridge P/N 70306). 

B. Observe the negative going INDEX signal, one at the 
left-most graticle only. (200 tpi Alignment Cartridge P/N 
70709). 

4. Position the heads to track 073 (100 tpi) or 146 (200 tpi). 

NOTE 
Head positioning cannot be done manually. Slew the heads 
into position using the CPU or an exercisor. 

5. Refer to Figure 6-1. Locate the four Head Plugs on the 
bottom of the Data Channel Box. Physically select the 
upper disk R/W head to be checked/aligned, and install the 
R/W Alignment Plug (P/N 25104) between its head plug 
and companion connector on the Data Channel Box. These 
plugs are oriented, from the rear forward: upper head/ 
upper disk; lower head/upper disk. The forward most two 
plugs are for the lower disk heads. 

6. Electronically select the head chosen in #5 above. Locate 
the RDR-1 PCB in the I/O Box. Place the RDR-1 board on 
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Figure 6-15. 200 tpi Head Properly Aligned 

an extender for ease of access, and ground the -DISK 
SELECT input. If the upper head is to be checked, also 
ground the -HEAD SELECT input. Removing this ground 
later will select the lower head. 

7. Observe the alignment signal presentation on the oscillo- 
scope for channel 1. 

8. A. 100 tpi alignment description (using Alignment Cart- 

ridge P/N 70306). If the head being checked is properly 
aligned, the oscilloscope presentation will be approxi- 
mately as shown in Figure 6-14., with the time between 
zero crossings for both loops being equal. 



Figure 6-16. 200 tpi Head Misaligned 

B. 200 tpi alignment description (using Alignment Cart- 
ridge P/N 70709). Observe the oscilloscope pattern, and 
refer to Figures 6-15 and 6-16. 

The oscilloscope pattern should consist of two sinusoidal 
traces and an alignment marker. When the head is 
properly aligned, the pattern should resemble that 
shown in Figure 6-15. A misaligned head will produce a 
pattern similar to that shown in Figure 6-16. 

9. If the head(s) requires alignment, install the R/W Head 
Adjustment Tool (P/N 16087) as shown in Figure 6-1 7A. 
Figure 6-17B may then be referred to during the remainder 
of the R/W Head Alignment procedure. 
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Figure 6-14. 100 tpi Head Properly Aligned 



Figure 6-17A. Install R/W Head Adjustment Tool 
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Figure 6-17B. R/W Head Adjustment 

a. Slightly loosen screw A of the selected head. 



b. Engage the large end of pin B in the large hole In head 
mounting plate C (see View A) 

c. To move the head out (away from the spindle), turn 
screw D counter-clockwise. 

d. To move the head in (toward the spindle), turn screw D 
clockwise. 

e. Tighten screw A to 95 inch ounces. 

NOTE 
As screw A is tightened, the head may move slightly toward 
the spindle. If necessary, readjust the head position, allow- 
ing for any head movement caused by tightening screw A. 



f. Physically and electronically select the opposite head, 
and repeat steps a through e. 

10. Remove the R/W Head Adjustment Tool 

CAUTION 
Failure to remove the R/W Head Adjustment Tool will 
result in damage to the R/W Head Positioner Assembly and 
associated hardware. 

11. Switch the unit from RUN to LOAD to retract the heads, 
and then return to the RUN mode of operation. 

12. Reposition the R/W heads back to the alignment track, and 
recheck the alignment of the heads. Reinstall the R/W Head 
Adjustment Tool and repeat the adjustment procedure as 
necessary. 




Figure 6-18. Lower Head Adjustment 

13. Remove the R/W Head Alignment Plug, and the R/W Head 
Adjustment Tool as required. 

6.6.4.3.2 Lower Heads 

Since disk interchangeability is not affected by the lower 
heads, the adjustment consists of merely lowering the card cage 
to the head-cleaning position as described in 6.4.2.1, inserting a 
0.030 ± .005 shim between the head mounting plate and the 
carriage roller plate, tightening the set screw to 95 inch-ounces, 
and removing the shim. This adjustment is shown in Figure 6-18. 

6.6.4.4 Upper Index Transducer Adjustment 

Install an alignment cartridge (100 tpi-P/N 70306, 200 
tpi-P/N 70709). Place the drive in the RUN mode, and observe 
the signal at pin V on the Sensor PCB. The amplitude of the 
positive peaks should be between 165 and 450 mV for narrow 
sector slots, or between 300 and 1000 mV for wide sector slots. 
If the signal falls outside the appropriate range, proceed as 
follows: 

1. Place the drive in the LOAD mode and, when able, remove 
the alignment cartridge. 

2. Verify the transducer iamination-to-sector ring clearance of 
.008" ± .003" by laying a straight-edge across the spindle 
hub and checking the gap between its lower edge and the 
top of the lamination with a plastic feeler gauge. If the 
clearance is out of tolerance, loosen the hold-down screws 
(same as screws A in Figure 6-13), and add or remove shims 
(P/N 16358) as required. Retighten the screws just enough 
to secure the transducer and still allow slight lateral move- 
ment. 

3. Align the transducer/lamination center line with the spindle 
hub center, and move the transducer in or out radially until 
the tip of the lamination clears the outside of the spindle 
hub flange by approximately 3/64". Tighten the hold-down 
screws a little. 

4. Reinstall the alignment cartridge, switch from LOAD to 
RUN mode and, when able, recheck the signal level. If the 



signal is in tolerance, the cartridge may be removed and the 
hold-down screws tightened firmly. If the signal is not in 
tolerance, repeat step 3— moving the transducer radially a 
small amount either in or out each time until optimum 
signal level is achieved. 

NOTE 
A disk hub and sector ring, retrieved from a defective disk 
cartridge and used here in a manner similar to the pro- 
cedure outlined for the lower transducer, will appreciably 
shorten the time needed to achieve a proper signal level. 

5. Locate the index transducer base plate, which is screwed to 
the outside front of the bowl assembly at the centerline. 
This plate, shown in Figure 6-19, has four hex-head fasten- 
ing screws ("A") and a slotted-head adjustment screw 
("B"). 

6. Slightly loosen the four fastening screws just enough 
permit side movement of the transducer base plate. 

7. Install the alignment cartridge, place the drive in the RUN 
mode, and select the upper disk. 

8. Using the exerciser, seek to track 5 (100 tpi) or track 10 
(200 tpi). 

9. Using the leading edge (negative-going) of the index pulse at 
Pin 1 1 of the Sensor PCB as a trigger, observe the signal at 
TPI of the R/W amplifier PCB. This signal is shown in 
Figure 6-20. Note the long pulse followed by a long burst 
of signal. The long pulse is the read gate. 

10. Using the adjustment screw, position the index transducer 
so that the leading edge of the read gate occurs 18.8 lis 
after the leading edge of the index mark. (Note: for 1500 



to 




Figure 6-19. Index Transducer Adjustment 
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rpm drives the proper setting is 30 jUs ± 5/us). Do not tighten 
the fastening screws yet. 

11. Alternately selecting each of the upper heads, adjust the 
index transducer so that the read gate is symmetrical 
around the 18.8 ;us point (30 lis for 1500 rpm). Pulse 
separation between the heads shall not exceed 6.25 jLZs (10 
JUS for 1500 rpm). 

12. Tighten the four fastening screws, observing that tightening 
the screws does not result in misalignment. 

13. Return the front panel to the operating position. 

6.6.4.5 Fine Track-zero Adjustment 

To perform the track zero adjustment, a disk pack, exerciser, 
and oscilloscope are necessary. If the track zero adjustment is 
being made as part of a Head Positioner or Spindle Assembly 
replacement, or if for any other reason it is considered that the 
track zero adjustment could be more than three tracks off, then 
the adjustment is considered Level 3, and the procedure of 
6.6.5.1 should be followed. When the adjustment is not done as 
part of Head Positioner or Spindle Assembly replacement, pro- 
ceed as follows: 

1. Install the disk pack and place the disk drive in the RUN 
mode. 

2. Locate the track-zero adjustment screw. This is a hexagon 
socket screw located just below the bail plate as shown in 
Figure 6-21. 

3. Using position term (TP14 on Servo PCB) as trigger, 
observe the waveform at TP13. 

4. When the drive goes ready, alternately seek to track-zero 
and restore. 





Figure 6-20. Upper Index Transducer Waveform 



Figure 6-21. Track Zero Adjustment Screw 

5. Using a 9/64 "L" shaped Allen wrench, turn the adjustment 
screw to obtain waveform shown in Figure 6-22. 

6. Check the alignment of the R/W heads following the 
procedure described in 6.6.4.3.1. 

6.6.5 Level 3 Adjustments 

6.6.5. 1 Major Track-zero Adjustment 

Major track-zero adjustment requires an alignment pack, exer- 
ciser, oscilloscope, alignment bar (P/N 16439), and spindle cone 
(P/N 15171). Proceed as follows: 

NOTE 
When the adjustment is not done as part of Head Positioner 
or Spindle Assembly replacement, see 6.6.4.5. 

1. Remove the R/W Head Assembly from position H-00, if 
one is installed. 

2. Install the alignment bar m head position H-00 tight against 
the rear plate, and tighten the head assembly set screw (see 
Figure 6-23). 

3. Install the spindle cone on the spindle, with the flat surface 
parallel to the front panel. (Note: flat surface of cone is not 
a datum surface). 



4. Jumper TP1 to TP2 on the Sequence Logic PCB, and 
remove the Spindle Drive PCB. This bypasses the drawer- 
closed and disk-pack-installed interlocks, and prevents 
spindle rotation. 

5. Move the alignment bar so that its tip is firmly touching the 
cone's flat surface. 

6. Apply power to the drive. 

7. Depress the carriage retract microswitch, which is the top 
microswitch at the rear end of the bail. 

8. Place the disk drive in the RUN mode. The carriage will 
move forward. 

9. Locate the track-zero adjustment screw. This is a hexagon 
socket screw located just below the bail plate as shown in 
Figure 6-21 and 6-23. It requires a 9/64 "L" shaped Allen 
wrench. 

10. Attempt to rotate the cone counter-clockwise. If the round 
part of the cone touches the alignment bar, turn power off 
and rotate the adjusting screw counter-clockwise approxi- 
mately 1/8 turn. 

11. Repeat Steps (5) through (9) until the clearance between 
the cone flat surface and the alignment bar is 0.006 inches 
± .004 inches. 

12. Turn power off, remove the cone and the alignment bar, 
remove the jumper from the Sequence Logic PCB, and 
replace the Spindle Drive PCB. 

13. Remove the alignment bar and install the R/W Head 
Assembly in position H-00. 

14. Perform the adjustments described in 6.6.4.5 and 6.6.4.3.1, 
respectively. 



6.6.5.2 Head-Positioner Alignment 

To align the Head Positioner with the Spindle Assembly, it is 
necessary to use the alignment bar (P/N 16438), the spindle cone 
(P/N 15171), and the head-positioner alignment tool (P/N 
16372). Proceed as follows: 

1. Remove the R/W Head from position H-00, if one is 
installed. Install the alignment bar in position H-00, tight 
against the rear plate. Tighten the head assembly set screw 
(see Figure 6-23). 

2. install the spindle cone on the spindle with the fiat surface 
parallel to the front panel. 

3. Install the head-positioner alignment tool. This tool is 
fastened to the disk drive base plate, just behind the air 
filter, as shown in Figure 6-23. 

4. Loosen the six screws mounting the Head Positioner to the 
base-plate. The four rear screws fasten from the underside, 
and are accessible from the rear or underside of the disk 
drive. The two front screws are accessible from the top. 

5. Turn the screw on the head-positioner alignment tool until 
the clearance between the bar and the round portion of the 
cone is 0.002 inches ± .001 . 

6. Tighten the head positioner mounting screws and remove 
the bar, cone, and alignment tool. 

6.7 REMOVAL/REPLACEMENT OF ASSEMBLIES 
& PARTS 

6.7.1 Location of Instructions 

Table 6-2, which is arranged alphabetically, shows the location 
within this section of instructions for removal or replacement of 
various Series 40 assemblies, sub-assemblies, and parts. Prior to 
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Figure 6-22. Track Zero Waveform 
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Figure 6-23. Alignment Bar and Cone 



attempting any disassembly of the Series 40, service personnel 
shiould become familiar with the nomenclature and location of 
assemblies as shown in Para 6.3. Except for removal of front- 
panel and I/O components, the first step in any of the procedures 
of this paragraph (6.7) is removal of the top cover, as described in 
6.7.2.1. 

Table 6-2. 







Manual 


Assy/Component 


Part No. 


Paragraph 


Air Filter 


16163 


6.4.2.3 


Base-plate-mounted components 


various 


6.7.4.3 


Bowl Assembly 


16447-02 


6.7.4.1 


Brushes 


16082 


6.7.2.12 


Brush Motor 


16023 


6.7.3.3 


Card Cage PCBs 
Cartridge (with power off) 


various 


6.7.2.3 




6.7.2.2 


Cartridge Retainer Assembly 


16143 


6.7.4.2 


Disk Pack Safety Solenoid 


16017 


6.7.4.3 


Drawer Interlock Solenoid 


15302 


6.7.2.5 


Front Panel 


16016 


6.7.2.6 


Front Panel components 


various 


6.7.2.5 


Head Load Solenoid 


16362 


6.7.2.13 


Head Positioner 


16010 


6.7.4.5 


Heat Sink Assembly 


16712 


6.7.2.7 


Heat Sink PCB and components 


various 


6.7.2.8 


I/O Mother Board 


11400-01 


6.7.2.11 


I/O PCBs 


various 


6.7.2.4 


Index Transducers 


• 16361 


6.7.3.4 


Interlock linkage parts 


various 


6.7.4.3 


Lower Disk 


16483 


6.7.3.2 


Main Harness 


11508 


6.7.4.6 


Mother Board 


11400-20 


6.7.2.10 


R/W Amplifier PCB 


11486 


6.7.2.9 


R/W Heads 


16272 


6.7.3.1 


Slide Assemblies 


16024 


6.7.2.14 


Spindle Assembly 


16117 


6.7.4.4 


Top Cover 


16019 


6.7.2.1 


Unit Home Switch 


70275 


6.7.2.5 



6.7.2 Level 1 Removal/Replacement 



6.7.2.1 Top Cover 

The top cover is held in place by securing screws, which must 
be removed in order to take the top cover off. Four are on the 
top surface around the rear periphery of the bowl, as shown in 
Figure 2-2. 

6.7.2.2 Removal of Cartridge with Power Off 

1. Loosen the screw at the left edge, middle, of the data 
channel box (see Figure 2-4). Lift the data channel box, 
and observe the position of the head carriage assembly. If it 
is not already fully retracted, manually retract it. 

2. To insure that the brushes are fully retracted, locate the 
brush lever and eccentric on the right side of the drive (see 
Figure 6-24). Rotate the brush lever clockwise until it hits 
the eccentric, if it is not already in that position. 

3. Spread the cartridge-retaining clamps as described in 
6.6.2(2), and remove the cartridge. 

6.7.2.3 Card-Cage PCBs 

To remove card-cage PCBs, lower the card cage to the 
maintenance position as described in 6.4.2.1. Location of the 
PCBs is shown in Figure 6-3, and each PCB is clearly marked in 
the upper front corner of the board. Figure 6-25 shows the 
method of board removal. 



6.7.2.4 I/O PCBs 

After removal of the slotted plate at the bottom rear of the 
I/O box, the pluggable I/O PCBs are removed simply by sliding 
them out of their slots. 



CARTRIDGE RETAINING CLAMP 



BRUSHES RETRACT SWITCH 




CARTRIDGE CLAMP 
INTERLOCK LINK 



BRUSH LEVER 



ECCENTRIC 



Figure 6-24. Brush Mechanism 



6.7.2.5 Front-Panel Components 



Front-panel components are accessible for removal or replace- 
ment by removing the two hexagon socket screws which hold the 
front panel in position. Access to these screws is through two 
holes, one on each side of the bowl, as shown in Figure 6-26. To 
permit the front panel to swing freely, two lower screws, one on 
each side, may require loosening. These screws are located 
between the front panel and the lower section of the slide inner 
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to components mounted on the rear of the front panel. Some 
components mounted on the pan or baseplate are also accessible 
by lowering the front panel. 



6.7.2.6 Front Panel 

To remove the front panel, first lower the panel to the 
maintenance position as described in 6.7.2.5. Then unplug the 
panel distributor PCB connectors, and remove the screw-type 
connections, which connect the panel distributor PCB with the 



remainder of the disk drive. Remove the two hexagon socket 
screws which hinge the front panel to the pan. 

To replace the front panel, perform the preceding operations 
in reverse order. When closing the front panel, insure that the 
interlock pins (see Figure 6-27) properly engage the side drawer 
latches. If necessary, adjust the two set screws in the front handle 
stiffener so that the drawer handle is approximately flush with 
the face of the front panel, and so that the side latches work 
properly 



propel 
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screws, the striker plate may need adjustment as described in 
6.6.3.2. 



6.7.2.7 Heat Sink Assembly 

To remove the Heat Sink Assembly it is necessary to discon- 
nect all cable harnesses and individual wires which connect the 
Heat Sink Assembly with other parts of the disk drive. This 
involves removing a harness clamping bar, unplugging two connec- 
tors, and disconnecting screw-type terminals. The clamping bar, 
connectors, and terminals are all located on the heat sink PCB. 
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TO REMOVE CARDS 
FROM CARDCAGE: 

(1) INSERT SUITABLE 
SCREWDRIVER IN 
POSITION A. 

(2) SLOWLY PULL 
BACKWARDS TO 
POSITION B. 




Figure 6-25. Removal of Pluggable PCBs 



Disconnected wires should be tagged to insure accurate reconnec- 
tion. After electrical disconnection, remove the screw holding the 
Heat Sink Assembly to the top of the card cage and the two 
screws hinging the bottom of the Heat Sink Assembly. Installa- 
tion is performed in reverse order. 

6.7.2.8 Heat Sink PCB and Components 

Most etectronic components in the Heat Sink Assembly are 
directly accessible after removal of the top cover. Additionally, 
access to the ten power transistors, two power resistors, and the 
servo release switch is accomplished by removing the screw 
holding the Heat Sink Assembly to the card cage. 

Access to the rear of the heat sink PCB is accomplished as 
follows: 



1. Remove the screw holding the Heat Sink Assembly to the 
top of the card cage. 

2. Remove the screws which mount the ten power transistors 
to the heat sink. 

3. Detach the two power resistors and the servo release switch 
on the front of the heat sink. 

4. Remove the seven screws which hold the PCB to the heat 
sink. These screws are shown by arrows on Figure 6-28. The 
PCB will now swing partially clear of the heat sink. If 
complete removal of the PCB is required, follow the 
preceding steps and then disconnect all wires and cable 
harnesses which connect the Heat Sink Assembly to the 
remainder of the disk drive. An alternate procedure is first 




Figure 6-26. Front Panel Holding Screw Access 



to remove the Heat Sink Assembly as described in 6.7.2.7 
and then to follow Steps (2) through (4) of this paragraph 
(6.7.2.8). 

6.7.2.9 R/W Amplifier PCB 

1. Remove the top cover of the data channel box. This is 
accomplished by removing two hex nuts from the rear 
corners of the cover, two screws from the front corners. 

2. Remove the stand-off collars which support the rear corners 
of the cover. 

3. Disconnect the PCB electrically. This is accomplished by 
unplugging the two connectors, removing the four screw- 
terminal connections, and disconnecting the head cables. 

4. Remove the mounting screw at J82 on the PCB. The PCB 
can now be lifted out. 

Installation is accomplished by following the preceding steps 
in reverse order. 



6.7.2.10 Mother Board 

To remove the mother board, proceed as follows: 

1. Remove all pluggable PCBs from the card cage. 

2. On the top of the card cage remove the clamping plate 
which holds the three cable harnesses against the card cage. 

3. Remove the two screws which hold the three-connector 
clamp in place. Unplug the three connectors. 

4. Lower the card cage to the head-cleaning position as 
described in 6.4.2.1. 

5. Remove the triangular clamp assembly which holds the 
cable harnesses to the bottom of the card cage. 

6. On the bottom edge of the mother board, unplug the two 
connectors and remove the +5V and ground connections. It 
is necessary to remove two screws from each connector in 
order to unplug the connectors. 
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7. Remove the eight screws which fasten the mother board to 
the card cage frame. Slide the mother board out. 

To install the mother board, follow the preceding steps in 
reverse order. 

6.7.2.11 I/O Mother Board 

6.7.2.11.1 Removal 

1 . Remove the slotted plate covering the I/O PCBs. 

2. Remove the two screws below the bottom I/O connector. 
Remove the rear I/O cover plate. 

3. Remove all pluggable PCBs from the I/O box. 

4. Looking inside the I/O box from the rear, remove the two 
screws from the horizontal bottom flange below the card 
connectors. 

5. From the front of the I/O box, remove the six screws 
holding the I/O box shield (front cover) and remove the 
shield. 

6. Unplug the two connectors on the front, bottom of the I/O 
mother board. 



7. Disconnect the four wires which are connected by screw 
terminals to the back of the I/O mother board. 



8. Remove the two screws from the back of the I/O module 
assembly, located over the power connector and the top 
I/O connector. 

9. From the front of the I/O mother board, remove the four 
screws holding the mother board to the I/O module 
assembly. Two of these screws are on the bottom edge of 
the mother board, and two are half-way up. 

10. Slide the I/O mother board out of the I/O module as- 
sembly. 

11. Remove the two screws holding the small power connector 
PCB to the I/O mother board. 

6.7.2.11.2 Installation 

To install the I/O mother board, follow preceding steps in 
reverse order. When re-installing the I/O box shield (Step 5), 
insure that the two ground wires are installed. Do not tighten the 
six screws until the flange screws removed in Step (4) are in place. 



SET SCREWS 




INTERLOCK PIN (RH) 



FRONT SHAFT SUPPOR' 



INTERLOCK PIN (LH) 



6.7.2.12. Brushes 

To remove the brushes, loosen the set screw which fastens the 
brush lever to the brush mechanism shaft. See Figure 6-24. 
Rotate the brush arm out into the bowl for easy access to the 
brushes. Loosen the set screw holding the brush in the arm, and 
remove the brush. Follow the procedure in reverse for installing a 
new brush. Insure that the brush arms are returned to their 
original position prior to tightening the brush level set screw. 

6.7.2.13 Head-Load Solenoid 

The head-load solenoid is removed as follows: 

1. On the underside of the disk drive, remove the head-load 
solenoid access cover plate at the rear of the pan. 

2. Disconnect the two solenoid leads from the terminal block 
next to the solenoid. 

3. Remove the two "C" clips from the head-load linkage and 
the dashpot linkage, as shown in Figure 6-29. Disconnect 

the two linkages. 



4. Remove the three mounting screws, also shown in Figure 
6-29, which fasten the solenoid to the baseplate. Remove 
the solenoid. 

Installation of the head-load solenoid is accomplished by 
following the foregoing procedure in reverse. 

6.7.2.14 Slide Assemblies 

Each slide assembly is fastened to the pan by two screws. With 
the slide fully extended these screws can be seen on the lower 
track to the front and in the middle. To remove the slide 
assembly, simply remove the two screws. 

6.7.3 Level 2 Removal/Replacement 

6.7.3.1 R/W Heads 

If lower heads are to be removed or installed, the lower disk 
should be removed first. Although removal or installation of 
lower heads is possible with the lower disk in place, the possibil- 
ity of scratching the disk surface is high. 




Figure 6-27. Front Panel Adjustments 



Figure 6-28. Heat Sink PCB 
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6.7.3.1.1 Removal 

1. If applicable, remove the lower disk as described in 6.7.3.2. 

2. Loosen the data channel box securing screw (see Figure 
2-4), and swing the box up into the maintenance position. 

3. Electrically disconnect each head to be changed by loosen- 
ing the clamp which holds the flexprint cable to the head 
load bracket, unplugging the connector on the data channel 
box, and removing or loosening any other cable clamp 
holding the head wiring. 

4. Loosen the hexagon-socket set screw which holds the head 
assembly in the carriage (see Figure 6-30). 

5. Holding the head carriage in position, slide the head 
assembly straight forward out of its slot. 

6.7.3.1.2 Installation 

1. Insert the head assembly into the carriage. Torque the set 
screw to 25 inch-ounces. Install the head-load springs. 

2. Electrically connect the head to the data channel box. 
Reinstall and/or tighten cable clamps. 

3. Perform head adjustments as required by Figure 6-5. 



4. Reinstall the lower disk, if applicable. 
6.7.3.2 Lower Disk 
6.7.3.2.1 Removal 

1. Lower the front panel to the maintenance position as 
described in 6.7.2.5. 

2. Spread the cartridge retaining clamps as described in 
5.6.2(2). 

3. Remove the four screws holding the lower disk cover to the 
inside of the bowl. Remove the lower disk cover. 

4. The upper index transducer assembly is held to the front 
outside surface of the bowl by four screws as shown in 
Figure 6-19. Detach the index transducer assembly, and 
withdraw it from the bowl recess far enough so that the 
lower disk can be removed without striking it. Insure that 
the assembly is withdrawn straight forward, so that the 
adjusting screw and fork are not damaged. 

5. Remove the eight screws holding the spindle clamp ring. 
This ring holds the lower disk to the spindle assembly. 

6. Remove the lower disk, being careful not to scratch the 
disk surface. Avoid touching the surface of the disk. If the 




disk is to be reinstalled, or otherwise reused, store it in a 
manner that will protect its recording surfaces. 

6.7.3.2.2 Installation 

During installation of the lower disk, exercise caution to insure 
that the disk's recording surfaces remain free of contamination, 
including fingerprints. 

1. Using pads soaked in 91% isopropyl alcohol, thoroughly 
clean all the disk surfaces and also the spindle surface on 
which the disk seats. Polish the disk to remove all alcohol 
residue. 

2. Place the disk on the spindle, insuring that it is properly 
seated. Place the spindle clamp ring on the disk, grooved 
side down. 

3. Line up the eight screw holes, and install the screws. Do not 
tighten the screws more than finger tight. 

4. Snug-up two opposite screws. Use very light torque; this is 
not final tightening. 

5. Snug-up two more opposite screws 90° from the first two. 

6. Snug-up the remaining four screws in opposite pairs as in 
(4) and (5) preceding. 



7. Following the sequence given in the preceding three steps, 
tighten the spindle clamp ring screws. Only moderate 
torque is required. 

8. Replace the upper index transducer. Do not tighten the 
mounting screws. 

9. Reinstall the lower disk cover, insuring that the cut-out for 
the upper index transducer is properly oriented. 

10. Adjust the upper index transducer as described in 6.6.4.4. 

11. Close the front panel and reinstall the two front panel 
retaining screws. 

6.7.3.3 Brush Motor 

6.7.3.3.1 Removal 

1. Lower the front panel to the maintenance position as 
described in 6.7.2.5. 

2. The brush motor is located at the right front corner of the 
baseplate as shown in Figure 6-11. For visibility, the bowl, 
brush link, front panel, and other parts have been omitted 
from the figure. Disconnect the brush mechanism link by 
removing the pin holding the link to the brush-motor crank 
arm. The head of the pin is slotted, and the pin is removed 




Figure 6-29. Head Load and Dashpot Linkages 



Figure 6-30. Head Assembly Set Screw 
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by removing the nut holding it to the cranl< arm. Retain the 
washers and spring for re-installation. 

3. Pull off the two tab receptacles by which the brush motor 
is electrically connected to the terminal block at the left of 
the brush motor. 

4. Remove the three screws which fasten the brush motor 
plate to the baseplate. Remove the brush motor assembly. 

6.7.3.3.2 Installation 

1. Perform the steps listed in 6.7.3.3.1(2) through (4) in 
reverse, but do not tighten the three brush-motor mounting 
plate screws. 

2. Adjust the brush mechanism as described in 6.6.4.1 . 

3. Return the front panel to the operating position. 



6.7.3.4 Index Transducers 
6.7.3.4.1 Upper Index Transducer 

1. Lower the front panel to the maintenance position as 
described in 6.7.2.5. 

2. Spread the cartridge clamps as described in 6.6.2(2). 

3. Remove the four screws holding the lower disk cover to the 
inside of the bowl. Remove the lower disk cover. 

4. Unplug the upper index transducer connector. This is the 
upper connector on the panel distributor PCB on the rear 
of the front panel. 

6. The upper index transducer leads pass through a grommet 
in the transducer baseplate. Push the grommet out into the 
bowl, and pass the leads and connector through the grom- 
met hole in the baseplate. 




Figure 6-31. Power Resistor Mounting Bracket 



6. Remove the two screws which hold the transducer to the 
transducer arm. Remove the transducer and shims, saving 
the shims for use with the replacement transducer. 

To install the upper index transducer, follow the preceding 
steps in reverse order. Prior to mating the connector, dress the 
transducer leads over the front shaft support (see Figure 6-27) 
and down between the support and the front panel. Perform the 
upper index transducer adjustments described in 6.6.4.4. 

6.7.3.4.2 Lower Index Transducer 

1. Remove the lower disk as described in 6.7.3.2. 

2. Unplug the lower index transducer connector. This is the 
lower connector on the panel distributor PCB on the rear of 
the front panel. 

3. The lower index transducer leads pass through a grommet 
in the bottom of the bowl. Push the grommet up into the 
bowl, and draw the leads and connector up through the 
grommet hole in the bowl. 

4. Remove the two screws which hold the transducer to the 
bowl. Remove the transducer and shims, saving the shims 
for use with the replacement transducer. 

To install the lower index transducer, follow the preceding 
steps in reverse order. Prior to mating the connector, dress the 
transducer leads over the front shaft support (see Figure 6-27) 
and down between the support and the front panel. Perform the 
lower index transducer adjustment described in 6.6.4.2. 

6.7.4 Level 3 Removal/Replacement 

6.7.4.1 Bowl Assembly 
6.7.4.1.1 Removal 

1. Remove the lower disk as described in 6.7.3.2.1. 

2. Remove the plenum chamber and air filter by removing the 
two plenum chamber holding screws. Observe the precau- 
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3. Lower the card cage to the maintenance position as des- 
cribed in 6.4.2.1. 

4. The shield is the large panel separating the head positioner 
from the air filter. Remove the screw which fastens the 
upper front corner of the shield to the bowl. 

5. Spread the cartridge retaining clamps as described in 
6.6.2(2). 



6. Referring to Figure 6-31, remove the screws which fasten 
the power resistor mounting bracket assembly to the left 
rear surface of the bowl. 



7. Loosen the set screw which fastens the brush lever to the 
brush mechanism shaft. See Figure 6-24. 

8. Disconnect the brushes retract-switch wires. 

9. Unplug both index transducers from the panel distributor 
PCB on the rear of the front panel. These are the two 
connectors on the upper right corner of the PCB. 

10. Remove the lower index transducer as described in 
6.7.3.4.2. 

11. Remove the four hexagon recessed screws which fasten the 
bowl to the baseplate. 

12. Lift the bowl straight up and off, manually guiding the 
brush lever off the brush mechanism shaft. 

6.7.4.1.2 Installation 

1. Perform the steps listed in 6.7.4.1.1 in reverse. While 
tightening the four screws which fasten the bowl to the 
baseplate, twist the bowl in a counter-clockwise direction as 
far as possible and torque the screws to 120 ± 5 inch- 
pounds. When placing the brush lever on the brush mecha- 
nism shaft, insure that the flat of the shaft is toward the 
brush lever set screws. 

2. Perform the adjustments required by Figure 6-5. 
6.7.4.2 Cartridge Retainer Assembly 

6.7.4.2.1 Removal 

1. Remove the Bowl Assembly as described in 6.7.4.1. 

2. There is a spring fastened between the cartridge retaining 
clamp mechanism and the cartridge retainer safety stop on 
each side. Disconnect the springs from the cartridge-holding 
clamp mechanisms. 

3. Remove the four screws which fasten each cartridge retain- 
ing clamp mechanism to the base plate. 

4. Remove the mechanisms, being careful not to bend the end 
of the bell crank which sits in a notch in the left cartridge- 
retaining clamp mechanism. 

6.7.4.2.2 Installation 

1. Perform the steps listed in 6.7.4.2.1(2) through (4) in 
reverse order, insuring that the bell crank end rests in the 
notch in the left-hand mechanism. 
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2. Manually test the interlocking of the cartridge retaining 
clamps by attempting to spread the clamps with and 
without holding in the armature of the disk pack safety 
solenoid. 

3. Replace the Bowl Assembly as described in 6.7.4.1.2. 

6.7.4.3 Baseplate-Mounted Components 

To remove or reinstall the disk pack safety solenoid, interlock 
linkage, or other components mounted on the top surface of the 
base-plate, remove the bowl as described in 6.7.4.1 'for access to 
these components. 



6.7.4.4 Spindle Assembly 

For replacement of the Spindle Assembly on 200 tpi disk 
drives, consult Diablo Customer Service. The Spindle Assembly 
on 100 tpi drives is removed as follows: 

1. On the underside of the pan, remove the circular fan cover. 

2. Remove the 12 screws around the periphery of the static 
ground strap assembly shown in Figure 6-32. Remove the 
assembly. 

3. Remove the keeper from the spindle shaft end. 




4. Loosen the two set screws on the fan collar, and slide the 
fan off the spindle shaft. 

5. Remove the Bowl Assembly as described in 6.7.4.1. 

6. Disconnect the four-conductor cable bundle from the bot- 
tom of the power resistor terminal strip. Pull the cable 
bundle free of the resistor bracket assembly. Tag the wires 
to facilitate reconnection. 

7. Remove the three screws which fasten the spindle to the 
baseplate, and lift the spindle off. 

The Spindle Assembly is installed by reversing the preceding 
procedures. When installing the spindle, insure that the machined 
baseplate ridge on which the spindle rests is clean, and that the 
spindle is firmly seated on the ridge. 

6.7.4.5 Head Positioner 
6.7.4.5.1 Removal 

1. Remove the Bowl Assembly as described in 6.7.4.1 . 

2. Remove the R/W Heads and head-load springs as described 
in 6.7.3.1. 

3. There is a bracket fastening the linear motor housing to the 
rear edge of the shield. Detach the shield from the bracket. 

4. Unplug the R/W cable harnesses from the data channel box. 

5. Remove the three screws which fasten the shield to the 
baseplate. Move the shield to the right out of the way. 



being careful not to bend the carriage interlock link passing 
through the slot in the front end of the shield. 

6. Remove the large screw which fastens the carriage interlock 
link to the carriage interlock lever, as shown in Figure 6-9. 

7. Detach the two wires (1 black, 1 white) which come from 
underneath the Head Positioner and are screwed to the 
flexible power strap tie point. 

Note color coding of the wires to aid re-assembly. 

8. From the underside of the disk drive, remove the head- 
load-solenoid access cover plate, which is fastened to the 
bottom of the pan by four screws. 

9. Remove the two "C" clips from the head-load linkage and 
the dashpot linkage as shown in Figure 6-29. Disconnect 
the linkages. 

10. On the PCB at the front of the head-positioner bottom 
plate there are several connectors, as shown in Figure 6-33. 
After removing five screws and a clamp bar, disconnect the 
three connectors labeled "A" in Figure 6-33. 

NOTE 
Upon re-assembly, insure that a flat washer is placed on 
both sides of the rear end of the clamp bar and on top side 
of the front end of the clamp bar. These flat washers are in 
addition to the two lockwashers. Insure that the clamp bar 
is reinstalled with the pad down. 

11. On 200 tpi drives only, disconnect the two pin-form 
connectors marked "B" in Figure 6-33. 




Figure 6-32. Static Ground Strap Assembly 



Figure 6-33. Head-Positioner PCB Connections 
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12. Remove the four hex-head screws which hold the rear end 
of the linear motor housing to the disk drive baseplate. 
These screws are inserted from the bottom of the baseplate 
as shown in Figure 6-34 (screws 10 through 13). 

13. Remove the two hex-head screws which fasten the front 
end of the head-positioner bottom plate to the disk drive 
baseplate. 

14. Lift the rear end of the Head Positioner slightly, slide 
forward, and lift out. 

15. Remove the back expansion plate by removing screws 1 
through 9 in Figure 6-34. Save this plate for use with the 
replacing Head Positioner. 

16. Remove the linkage from the dashppt piston, and save for 
use with the replacing Head Positioner. 



6.7.4.5.2 Installation 

1. Attach the linkage removed in 6.7.4.5.1(16) to the dashpot. 

2. Place gaskets around the back expansion plate. 

3. Loosely attach the back expansion plate to the linear motor 
housing with nine screws. 

4. Referring to Figure 6-34, tighten screws 1 through 4 in 
numerical sequence. 

5. Using only a very light torque, snug up screws 5 through 9 
in numerical sequence. 

6. Install and tighten screws 10 through 13 in numerical 
sequence. 




Figure 6-34. Expansion Plate Screws 



7. Tighten screws 5 through 9 in numerical sequence. 

8. Perform the steps listed in 6.7.4.5.1(8) through (14) in 
reverse order of numerical sequence, 

9. Observing the color coding of the wires, reconnect the wires 
removed in 6.7.4.5.1(7). 

10. Perform the steps listed in 6.7.4.5.1(1) through (6) in 
reverse order of numerical sequence. 

11. Perform the adjustments required by Figure 6-5. 

6.7.4.6 Main Harness 

Removal and replacement of the main harness is a major task, 
and should be attempted only by thoroughly trained and experi- 
enced personnel. It requires extensive disassembly of the drive, 
including wiring which is not part of the main harness. Prior to 
attempting removal of the main harness, the reader should 
become familiar with 6.7.4.6 in its entirety. During disassembly, 
wires not part of the main harness should be tagged as they are 
disconnected. Cable and connector clamps should also be tagged. 

6.7.4.6.1 Removal 

Removal of the Main Harness is accomplished as follows: 

1. Remove the Bowl Assembly as described in 6.7.4.1. 

2. Remove all cable clamps, connector clamping bars, and 
terminal screws which hold wires or cables to the outside of 
the heat sink. 

3. Drop the card cage to the maintenance position as des- 
cribed in 6.4.2.1, and remove the triangular clamping plate 
from the bottom of the card cage. 

4. Unplug all connectors, and disconnect all wires, which 
connect the card cage or heat sink to the remainder of the 
drive. 

5. There are six wires which come from directly under the 
resistor bracket assembly, and which are attached to the 
terminal block on the assembly. These wires have no brown 
trace in the insulation. Disconnect these six wires from the 
terminal block. 

6. On the head-positioner PCB, unplug the two flat ribbon 
cable connectors and remove the clamp which holds the 
cables against the baseplate. 

7. On the panel distributor PCB, disconnect the yellow, 
purple, and black quick-disconnect leads. 

NOTE 
On disk drives with ttie desk top interlock option, there is 
no black quick-disconnected lead. 



8. On the brush motor terminal block, disconnect the white 
and red leads from terminals 1 and 2. 

NOTE 
On disk drives having the desk top interlock option, also 
disconnect the black lead from the right-hand side of 
terminal 3. 

9. Remove all cable clamps holding the large wire bundle 
which runs along the front of the baseplate, back down the 
left side, and down through the baseplate hole which is 
beside the head-positioner PCB. 

10. Clip the cable ties of the bundle referred to in (9), and 
separate those wires not entering the baseplate hole beside 
the head-position PCB. 

11. Remove the lid from the data channel box as described in 
6.7.2.9. 

12. Along the right-hand side of the R/W Amplifier PCB, 
disconnect the four screw terminal connections, and unplug 
the flat ribbon cable connector. 

13. Remove the plenum chamber and the air filter by removing 
the two screws holding the plenum chamber in place. 
Observe the precaution stated in 6.4.2.3. 

14. Extend the left slide assembly fully and provide support for 
the I/O box, so that it will not fall when separated from the 
slide assembly during the next step. 

15. Remove the four screws from the top of the left striker 
plate. Separate the I/O box and cable support from the 
slide assembly, but place no load on the flexible cable. 

16. Remove the four nuts by which the baseplate is held to the 
pan shock mounts. Two of these r.uts arc located en the 
extreme front corners of the baseplate, one is in the 
pneumatic chamber under the air filter, and one is in a 
horizontal slot underneath the rear end of the head posi- 
tioner, as shown in Figure 6-34. 

17. Separate the baseplate from the pan. 

18. Disconnect the main harness from the terminal block next 
to the head-load solenoid. 

19. Remove the trapezoidal clamping plate which holds the flat 
ribbon cable to the spiral base cover. 

20. From the top of the baseplate, in the card cage well, 
remove the eight screws which hold the three-piece cover 
assembly to the bottom of the baseplate. Remove the cover 
assembly. 
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21. Carefully pull the disconnected cables of the main harness 
down through the holes in the baseplate. Exercise particular 
caution that the cables from the R/W Amplifier PCB are 
not damaged as they are pulled past the shield and the Head 
Positioner. 

6.7.4.6.2 Installation 

Installation of the Main Harness is accomplished as follows: 

1. There is a cable bracket at the end of the cable follower 
assembly on the main harness, as shown in Figure 6-35. 
Cables and wire bundles leave this bracket in three direc- 
tions. Position the bracket on the underside of the base- 
plate, near the card cage well. 

2. Referring to Figure 6-35, pass the cables and wire bundles 
marked "A" up through the front baseplate hole (beside 
the head-positioner PCB on the assembled disk drive). 

3. Pass the cables and wire bundles marked "B" in the figure 
up through the hole in the card cage well. 

4. Pass the cables and wire bundles marked "C" in the figure 
up through the small baseplate hole between the shield and 
the Head Positioner. 

5. Loosely attach the cable bracket shown in Figure 6-35 to 
the underside of the baseplate. This bracket is attached by 
four screws inserted from the top of the baseplate. 

6. Loosely install two more brackets, one on each side of the 
bracket installed in the preceding step. Screws for these 
brackets are also inserted from the top of the baseplate. 

7. Connect the four wires which go to the screw terminal 
posts on the R/W Amplifier PCB, and mate the connector. 



NOTE 
If the PCB and data channel box are not installed at this 
point, adjust the position of the flat ribbon cable so that its 
end is 7- 1/2 inches above the baseplate. 

8. The cable and wires referred to in the preceding step must 
be clamped to the large spiral cover plate on the bottom of 
the baseplate. This is accomplished by installing the trape- 
zoidal clamping plate, checking the position of the cable 
and wires going to the R/W Amplifier PCB, and tightening 
the clamp. Insure that the black and white wires going to 
the Head Positioner (but not part of the main harness) are 
also under the clamping plate. 

9. Connect the green and blue wires in the "C" bundle (see 
Figure 6-35), to terminals 1 and 2, respectively, of the 
head-load solenoid terminal block. 

10. Mount the pan to the baseplate but do not tighten the 
mounting nuts. 

1 1 . Mount the clamps and striker plate to the drawer slide. 

12. Tighten the eight screws installed in steps (5) and (6) of this 
procedure. 

13. Placing the pan on a level surface, level the baseplate by 
adjusting the shock-mount nuts. Tighten the nuts which 
hold the baseplate to the pan. 

14. Perform steps (1) through (13) of 6.7.4.6.1 in reverse. 
When clamping cables and connectors to PCBs, insure that 
the clamps with gaskets are positioned with gasket material 
facing down. When installing the connector clamping bar on 
the head-position PCB, insure that the right end of the bar 
has a washer installed between the bar and the connector. 




Figure 6-35. Cable Bracket Assembly 
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SECTION 7 

LOGIC DIAGRAM CONVENTIONS 

LOGIC DIAGRAMS 

7.1 GENERAL 

Diablo Systems logic diagrams are primarily intended for use 
by field service personnel as troubleshooting aids and by system 
design engineers as sources of design theory information. As such, 
the first responsibility of a set of logic diagrams is to illustrate a 
design's principles of operation. For this reason, Diablo Systems 
logic diagrams emphasize the functions performed by the logic 
elements in a design rather than the kinds of devices used to 
implement the functions. 

For example, a NAND gate may appear on a Diablo Systems 
logic diagram as either a positive logic AND function with the 
output inverted (NAND) or as a negative logic OR function with 
the inputs inverted (NOR). 



AND Function 



B- 



r> 



(Positive Logic NAND) 



OR Function 



B- 



C^ 



(Negative Logic NOR) 



This practice runs contrary to some logic drawing standards, 
which require the use of the NAND symbol for both functions. 
But, in Diablo Systems diagrams, different symbols are used to 
distinguish between the two functions because the functional 
elements of a design are considered to be more relevant to the 
design theory than symbolic representation of the kinds of 
devices used. 

This functional approach to logic symbology is basic to the 
logic documentation conventions employed by Diablo Systems. 
The conventions that govern logic symbology and signal nomen- 
clature are explained below. Other information concerning draw- 
ing standards that may help the reader interpret Diablo Systems 
logic diagrams is also included. 
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L = Relative low 
H = Relative high 



7.2 SIGNAL NOMENCLATURE 

The active level of each logic signal is assigned a descriptive 
name. A signal is considered active when it either causes or 
represents some logic event that is significant to the progress of 
an operation. Consequently, the name given a signal usually 
provides one of two kinds of functional information: 

1. Describes the effect that signal's active level has on the logic 
it feeds; for example, —Load Print Wheel Buffer is the name 
of the signal that clocks data into the Print Wheel Buffer. 

2. Represents a condition or event that develops elsewhere in 
the logic; for example, —Print Wheel Ready is the name of 
the signal that is active whenever the print wheel logic is 
able to accept a new print command. 

A + or — sign precedes each signal name to identify which of 
the two voltage levels used in the logic system is considered to be 
that signal's active level. The -i- sign represents the relatively 
higher logic level and the - sign, the relatively lower level. This 
means relatively higher or lower with respect to each other; the 
signs do not indicate signal polarity with respect to ground. 

The actual voltage levels represented by the signs will depend 
on the logic family being used. For example, in TTL circuits, the 
signal identified by —Print Wheel Ready is active when it is at OV 
(nominal) and inactive a -H4V (nominal). 

Sometimes a signal serves as the input to both positive logic 
and negative logic elements. Ordinarily in such cases, the sign 



preceding the signal name agrees with the active level indicated at 
the output of the logic element that produced the signal. An 
example of this is illustrated by the following sketch. 



START FF 




7.3 INTERPAGE REFERENCING 

When a printed circuit board assembly requires more than one 
logic diagram page, an interpage reference scheme is used at the 
points on each diagram page where the signal lines enter and leave 
the page. The reference scheme includes the following informa- 
tion. 



-tData Strobe 



■ Optional - for clarity 
when needed 



SH3-F2-D30-6- 



Device pin number 



■ Device reference 
designator 



■ Drawing zone where 
destination symbol 

is located 

■ Sheet number 



7.4 LOGIC SYMBOLOGY 

The logic function symbols used in Diablo Systems logic 
diagrams conform closely to those set forth in MIL-STD-806. 

Most small scale integration (SSI) circuits are represented by 
function symbols. 

Medium scale integration (MSI) devices, such as shift registers 
and read-only memories, may be represented by rectangles with 
functional labels. 

Since positive logic and negative logic conventions can both 
appear in a single set of logic diagrams, the unfilled circle 
negation symbol specified by MIL-STD-806 is used to distinguish 
between low-true and high-true signals. 

A circle drawn at an input to a symbol indicates that that 
input is active at its relatively lower potential. The absence of a 
circle at an input means that input is logically active at its 
relatively higher potential. The presence or absence of a circle at a 
symbol output has similar meanings for the active level of that 
output. 

Usually, all logic symbols are drawn with inputs on the left 
and outputs on the right. Some device symbols' (e.g., one-shots, 
J-K flip-flops) show some inputs and other external connections 
on the top and/or bottom of the symbol for clarity. Also, 
drawing layout restriction occasionally requires that some sym- 
bols be drawn with a vertical orientation so that signal flow 
through them is from top to bottom. However, logic symbols are 
never drawn with inputs on the right or outputs on theleft of the 
symbol; nor are they always drawn with inputs and outputs on 
the same side of the symbol. 

The symbols used by Diablo Systems for the basic logic 
functions are explained below. Manufacturer's information con- 
cerning the IC devices represented in this manual's logic diagrams 
appears at the end of this section. 

AND Function (with inversion)/NAND Gate 



?^z>-^ 



SH1-A6-G10-5 



D = A- B ■ C- 

Output is low (active) only if all inputs are high (active) 

NOTE 
D means D is low 
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OR Function (with inversion)/NAND Gate 




D= A+B+C 

Output is high (active) if any one or more inputs are low (active) 

Collector OR (Dot OR) 

A 



Output of dot OR is low (active) if both inputs to either (or 
both) NAND gates are high (active) 

NOTE 
Negative logic OR function is provided by the solder 
junction of the two NAND gate outputs and is represented 
by junction dot. OR symbol represents function provided 
by junction. 

Collector AND (Dot AND) 





Output of dot AND is high (active) only if at least one input to 
each negative logic NOR gate is low (active) 

NOTE 
Positive logic AND function is provided by solder junction 
of the two negative logic NOR gate outputs and is repre- 
sented by junction dot. AND symbol represents function 
provided by junction. 



R/S Flip-Flop 



E = AB + (C- D) 



E=(A + B)-(C + D) 




SET 



CLEAR 



SET OUT (S^ +S2) (Ri Rj) 
CLEAR OUT (S^ Sj) (R-, + Wj) 



Flip-flop is considered set (SET output is high and CLEAR 
output is low) when at least one "S" input is low and both "R" 
inputs are high. Flip-flop is considered reset (SET output is low) 
when both "S" inputs are high and at least one "R" input is low. 



When all inputs are high, flip-flop remains in last state. 

A low applied to both an "S" input and an "R" input will make 
both outputs high. Flip-flop will remain in state of last input 
removed. 



NOTE 
This function is provided by cross-coupling the outputs of a 
pair of negative logic NOR gates. Any low "S" will SET 
flip-flop (SET high/clear low). Any low "R" will RESET 
flip-flop (SET low/clear high). 



NOTE 
Series 40 schematic diagrams are selected to closely match a 
particular unit, and bound separately. This specialized 
matching set of diagrams and a maintenance manual ac- 
company each Series 40 when shipped from the factory. 
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3.1 - P9 IS WnJCHESTEE #MBAC 50 PJ6 WITH #1024P COHTACTS. 

3. 2 - PIO IS WINCHESTER #MRAC 50 SJO WITH #1024S CONTACTS. 
Pll IS WINCHESTER #MRAC 14 PJ WITH #1014P CONTACTS. 

INSTALL JUMPER PLUG (10634) IN POSITION CtHUtESPONDING TO 

MACHINE NUMBER. 

OPTIONAL FEATURES: 

5. 1 - WRITE PROTECT 
FOR WHITE PROTECT FEATURE, NO COMPONENT IS 
USED BETWEEN PADS MARKED "PUB" AND "BLK" 
ON PD-CB (11499-01). 

FOB NO WRITE PROTECT FEATURE, USE 10a, + 5%, 
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5. 2 - SECTOR COUNTKB 

5. 2. 1 - STANDARD MACOHE (NO SECTOR COUNTER) DOES NOT 
USE SC-CB (11459). 

6. 2. 2 - FOB SECTOR COUNTER, INSTALL SC-CB (11459) AND 
USE THE PROPER VERSION OP SR-CB (11411-XX) AND 
BDRl-CB (11643-XX) AS SHOWN ON THEIB SCHEMATICS. 

5.3 - DATA CLOCK SEPARATION 
5.3.1- FOR ONE SHOT SEPARATOR USE IN POSITION L'O-5 THE 

PROPER VERSION OF D/CS-CB (11637-XX) AS SHOWN 
ON ITS SCHEMATIC. 

FOR VFO SEPARATOR USE IN POSITION I/0-4, VPI-CB 
(11511) OR VFS-CB (11627); IN POSITION I/0-5 USE 
VFC-CB (11519); IN POSITION I/0-6 USE VFO-CB 
(11517), AS SHOWN ON SHEET 1 OF TfflSDRAWINa. 

5. 3. 3 - FOR EITHER SEPARATOR USE THE APPROPRIATE 
R/W-CB (11486-XX) VERSION AS SHOWN ON ITS 
SCHEMATIC. 
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■MM 


^" 


3 


— 


~ 


3 


^^ 




_ 








CO 






CM 


CVI 


1 
O 


a: 


O 


Li. 


u. 


o 


O 

Ll_ 


O 


1 

O 


ci: 


\ 


q: 


CO 


> 


> 


Q 


> 


> 


a: 



I/O CARD CAGE 

(AS VIEWED FROM THE FRONT) 



i 



PRODUCT NO 



development) 

"^^-^ D2 



H 



IREFCREHCE 
DCSIGNATORS 
NOT JSED 



IREFERENCE 
IDCSIGNATORS 
ILAET JSED 















l 


B| Diablo Systems Incorporated 


» 


I/O CARD CAGE 
LOCATOR MAP 




.00. ^^ i 




UMAU-'^DRiZEu DISCLOSURE 
OB USE PHO»*taiTEO. 


SYSTEULOGiCVO. 

SL000I4 


Irev e.co no Ipev ec.d, no. 

J H 


REV ECO. NO 

G 


REV E.C.Q NO 

F 


REV ECO NO 

E 


REV ECO NO 

D 


REV ECO NC 

c 


REV EX.O. f40 

B 


RE* ECO HO 

A 


MFC 


DATE 


ENQ 


DiTE 


:r^EC^E = 


DATE 


DRA*M 


DATE 


Sheet 
1 


TOTAL SHEETS [SIZE 

1 IB 





B 



^8 



PRODUCT NO. 



17 

11537 



16 



15 



^ 



13 



12 



11 



10 



i 



i 



H 



6 



Aw - A 
VIA-P3-I& 



THERM 

AW-B 
VIA-P3-I 




TEMP.SENSINGA 



TEMP. SENSING 8 





— I 5V 



PIKlCUCT NO. 



H 17 
-VSAr 



.87K _|_ 5. UK 



E 



20 
I 
I0\f 



PRODUCT HO. 



1537 



m 



TP& 



TP7 

@ 



J8 



J9 



I 



Kjw 



J6 




TP8 




TEMP. COMP. VOLTAGE ^-\M07 



0"-?; 



notes: 

UNLESS otherwise SPECIEIED 
I. ALL l/'o RESISTORS ARE 1/8W. 
2, ALL 31 ODES ARE IN4454. 

3. SELECTED ACCORDING TO TEST 

SPECIFICATION * Fl I^FI 5^ Je^JS^ JB^JI I. 



TC M04 



m 



Al 11537 



IREFEHEHCe 
DCSIGMATORS 
•JOT .jSED 



IHFEflENCE 
DeSICHATOflS 
LAST USED 



'REV E.C.0 NO. 



1REV E.C.D. HO. IRE' 
H k 



V E.C.0 NO 



REV EC-0. no. 



REM f.C.0. HO 



REV ECO NC IREV E.C.O NO. 



REV ECO NO 

A3326 



Diablo Systems Incorporated 

Hay«flra Cs.to.^.a 9454S 



TEMP COMPENSATOR 

(TC-CB) SCHEMATIC 



MOO 40 



UNAUTHORIZED CiSCLOSUflE 
__ OH US£ PROHIfliTEP. 
TOTAL SHEETS 



B 



^L00030 ..^ 

11537 



18 



17 



PRODUCT NO. 



H 



I 14 3 I -XX 



P9/PI0- E 



© 



16 



READ SATE INPUT 



15 



^ 



13 



12 



11 



10 T 9 



P9/PI0 - AA 



(LOW TO "read") 
.-DISK SELECT LINE 



1 



A4 



® -UI5K 
(low F 



©MtAU SELE 
(low for u 



(low fob "upper disk") 
HEAD SELECT LINE 



^^,^ 



.H0 



PPEH HEAD") 
WRITE PROTECT INPUT LINE 






(low to "set write protect") 
ERASE GATE LINE 



~pnz 



®tK«St. BATE LIN 
~, T 7a' 
(low to "erase") 



f^sll> 



P9/PI0 - A 



&F. 



WRITE DATA LINE 



0WKITE GATE L 
", 
(LOW TO "WRIT 



("writes" ON L0W-60IN6 TRANSITIONS) 
WRITE GATE LINE 



1^:3 



E") 



FILE SELECT INPUT 



0r lut sci_c.i< I I 

(LOW F0R"SEL 



EI8 
lOK 



(LOW for"selecteo") 

( VIA select JUMPER ) 

+ HEADS LOADED 



T 



« ■ -v~ 

a51\i« 



I B3 X? 
Is 3S0 



0+ HEADS LOADED ( 
(NOT USED) •* 



WRITE PRI 
(low for " 



WRITE PROTECT STATUS 



protected") 



B/W-CB VIA P6 -28 (21 



FILE READY OUTPUT 



JIT 
120 
I/2W 



E3 'V 



03 ^^3 
380 



9/ 380. 



Eie 

-VW- 

47 



911 



Eli 



B3 \z 

58 



015. X_I4 
iOj 380, 



AlO 

-AAV- 

47 



EI7 
47 



-O E3 

3 8 



EJ 



la 

9, 



JI5 
47 

FIO 
47 



^-^ \ 



jit 

-AA/V- 

47 



H3 ^ 
BBC 7" 



(low for "REAOr") 



J 18 < 
3 00 > 

1/2 W -i. -^ 



S80)- 



HIO 



MOft- II VIA P5 - 19 



&K 



SELECT INDEX MARK OUTPUT 



120 
I/2W 



OW FOR "index") 



WRITE FAULT 



J7 S J_5 

300 > 

1/2W -i- -^ 



■O FI5 



WRITE l-AULI 
-; : 
(high FOR FAU 



LT") 



12) 380 y^ ^— 



H3_ \ 14 
!!B0 



M05- N VIAP5 - 2 I 



VOLTAGE CHECK 
-. 
(hig 



IGH FOR "CHECK ") 





BI5 
7400 



HIS ^ 
1/4 W4 



5 



, Hr4 

I4K 
■ IV. 



' ■^-HI3 ,1 5% 

TTo 200V 



12 

i3 X_I3 
II I 380 



£11 
-VW- 

47 



liiXi 

75«5J/ 



EI9 • 
10 K ' 



75452/ 
75452 / 



E2I 
lOK 



All 
lOK 



^+SV 
.AI2 



E22 

jTnn_ 



g ■"^i'h 



2^^ 



E20 ■ 
S lOK 



Ai a 

F3 
A2 

B Q 
74121 



7400/^ 






00> 



i 



PRODUCT P*0 



1143 l-XX 



DEVtLOPMENT 



DATA/CLOCK GATE 



(hish for "data $ clocks") 
- DISK SELECT 



— OISK SbLhCT ^ ^ 

LOW FOR'>JPPER DISK")VL/ 



10) D/C/S - 10 



R/W - CB VIA P6 - 25 
M06 - S VIA P5 - 23 



-H SELECT DISK 



(high for "upper disk 
HEAD SELECT 



M<D '/°- 



(low for"upper head") 
WRITE PROTECT INPUT 



WKITt h'KOrtUT IN^^UI /— N 
-(2) H/w - C3 

(low to "set write protect")V^ 



20) R/W - CB via P6 - 24 



VIA P 6 - 19 



ERASE GATE 



(low to "erase 
WRITE DATA 



TTyTit) R/W - CB VIA P6 ■ 



IS 



("writes" on low-going transitions 
WRITE GATE 



19) R/W - CB via P6-22 



WRITE GATE /— s. 
r-{ U) R/W -CB via PS- 15 

low to "write") V-/ 



READ GATE 



(low to "read") 

SELECTED 



{\a) H/w - CB via P6 - 20 

M06- 7 VIA P5 - 8 
P5 - 8 



(low for 
PROTECT STATUS LINE 



SELECTED ^^— ^ HOS- 7 VIA 
'selected") ^~-^ 



(low FOR "PROTECTED") 
FILE READY LINE 



D/CS - N 
M09 - 7 VIA PS - 8 

16) P9/PI0 - P 



(low for "FILE READY") 
INDEX MARK LINE 







P9/PI0 - U 



(low for "index 
WRITE CHECK LINE 



1^ line /-\ 

r\5) P9/PI0 -Y 

Mndex ") ^--^ 



CHECK LINE /-\ 

■ r~(H) P9/PI0 -h 

'WRITE check") ^-^ 

^3) l/O 2.-13 



(low for "write CHE 

WRITE CHECK 



(high for "WRITE CHECK 



UPPER INDEX PULSE 



(low FOR "index ") 
UPPER SECTOR PULSE 



-(X) l/tl 3- X 




Si 

jTTn ^ 

IMH ^ 1+ 

10 
25V 



5V 



Ali 
•I ^ BI3 
Et3 

£ii. 

JI3 



NOTES : 

UNLESS OTHERWISE SPECIFIED 

I ALL RESISTORS ARC I/4W 5 X 

2. ALL IV.RESISTORS ARE I/8W 

3. ALL DIODES ARE IN4464 



(high for "s 

5 ALL RESISTORS IN OHMS 

S. ALL CAPACITORS i N_pf 



;; U ) lA> 5- J 

SECTOR ") ^^ 



OPTIONAL FEATURES 

4.1 FOR STANDARD MACHINE (ll43l-00) E22 USED 

4.2 FOR SECTOR COUNTER FEATURE 

flI43l - Of) E22 INDUCTOR IS'MOT USED 



RDRI I/O I 

m 



PRODUCT NO. 



REFERENCE 
KSiaiUTDRS 
LAST USED 



;v C.CO. HO. new E.ca tio. 



H 



HCV ceo. tM. 

G 



REV E.C.a. MO. 

F 



REV E.C.O. HO. 

E 



HV E.C.O. NO 

D 



RCV tut. NO 

C3586 



vT!^TwrTi«v'T7!orMoT5n 
I257& IA30 3I I 



Diablo Systems Incorporated 

Hoywara Cdl.torria 94S4b 



RECEIVER/DRIVER i 
ROR l-CB 



40 



NresajTiSii 

UNAimiO«IZED DISCLOSURE 

OW USE PflWIIIITtD. 
SHEET 



T07»L SHEETS 



SL000I5 



114 3 l-XX 



PHOOUCT MO, 




I 

II643-XX _J:£:*,P4 



I .ALL RESISTORS ARE 5 Vq, I/4W, 
2. ALL I^RESISTORS ARE l/ew, 
3. ALL DIODES ARE IN4454. 
^.OPTIONAL features; 

* 4,1 FOR NO INTERRUPT OPTION A5 IS 1 A , 5 % , I/4W , AlO ^ DIO ARE NOT USE D. 

4.1.1 WITH NO SECTOR COUNTER , EE2 IS A WIRE JUMPER (11643-00). 

4.1.2 WITH SECTOR COUNTER, E22 HAS NO WIRE JUMPER (11643-01). 
4,2 FOR INTERRUPT OPTION , A5 IS NOT USED. 
4.2.1 WITH SECTOR COUNTER , AlO IS 10 A , 5% , l/'4W , DIO ^ E22 ARE NOT USED (11643-02) 
4.2.2WITH NO SECTOR COUNTER, AlO (OlO AR E iO -"^ , 5 % , i/aVv , AND E£ £ i 3 A A iR E JUMPER (iiS43-03) 

5. ALL RESISTORS ARE IN OHMS. 

6. ALL CAPACITORS ARE INjjf. 



OPTIONAL FEATURE DASH NUMBERS 




NO 
INTeRHUPT 
OPTION 


INTERRUPT 
OPTION 


NO SECTOR 
COUNTER 


— 00 


- 03 


SECTOR COUNTER 


- 01 


- 02 




PflOOyCT NO 



1 1 6 4 3 ~ X X lE^'fsfl"" 



Ikefi 

iDElt 



IJ Jh 



ffiV E.C,0. NO. IMV E.C.O. I 

G If 



MV E.C.O. NO. 

E 



E 



(»EV E.tO. HO |IWV T^T^pSv ECO. »0 

B4048 1X^998 



CHECKED bA.l 

-T3 



H3 

380 



H 



RDRI 1/01 



S 



i,iii . 



Diablo Systems Incorporated 



RECEIVER DRIVER CKT I 
RDRI-CB SCHEMATIC 



40 



wwMi EriTf^UWinHfiSJ 

UNAUTHOffiZED DISCLOSURE 
W USE PWOHiarTED. * 



TOTAL SHEETS 

2 



litMyLiilUt. 
SL000I6 

niOOUCT NO. 



1643 



TiBv- 

-XX|b 



18 



17 



PRODUCT Ma 



II 



4 5 9 I 



16 



15 



^ 



13 



12 



11 



10 



i 



K 



iPflMUCT NO. 



114 5 9 



development' 



1/3 l-X (x\ 



-UPPEH Index k-ji.se 



M06-E 
VIA P5-2 



,® 



>HI3 
<IZO 

- LOWER INDEX MARK OUTPUT <\/zw 



FI3 
300 
I/2W 



i/oi-J (7 )+ UPPER SECTOR PULSE 



M06 

VIA P G - I 7 



.(w)± 



SECTOR MARK l.CWER jiz) Yso 



05 T 
lOOpf — 



p 

Q 

£1 

74 74 

cLgai^ 

TTT 



5V 



H^>^— • HVX3— f 

/836 1^836 



H 
i. lOOpf 



t/C 1-8(8 



R/W-CB (21 
VIA P6-2B V^ 



SELECT DISK 



(high for "upper disk") 
-FILE READY OUTPUT 



C J3 



l/O I 



■"0^ 



SELECTED 



1^936 




H^« 



12 

XI 



p 

Q 
F3 



clkq 



14 
I 



-<)B 
2 



fill 
7493 



A 

B 

R0| C 

RO, 



C A" 
^ RO, 



FI5 



ROg 
749J 



(VO 



HI5 
7474 






J? 



74157 
lA I Y 

le 

ZB 

4A 

4 B 4Y 

3 A 



2Y 



36 

SELECT 
ST BO BE 



3Y 



iz r 









EI5 
lA 74IS7 
IB 

2A 
2B 

4A 



?a^ 



SELECT 
STROBE 



2Y 

4Y 
3Y 



+ 5v 



A5 
10 K 



— i-ir\3 

2_T54K P~ 



I — L 75453/ 



A» 
lOK 



-aa-V, C 

75452 r> ' • 
y t5 



10 K 



P8 
lOK 



754 5t pi 



Jl 

-wv- 



(-i{7545z/^ + 5V 



7545g/ + 



DIP 
lOK 






lOK 



- INDEX MARK 



(D 



■SECTOR MARK 







P9/PI0-Y 



P9/PI0-W 



-SECTOR ADDRESS BIT I 



- SECTOR ADDRESS BIT 2 



® 



P9/PI0-J 



-+■ UPPER SECTOR MARK 







IMO6-D VIA P5-29 



- SECTOR ADDRESS BIT 4 



9 1 P9/PI0-K 



- SECTORAODRESS BIT 8 







P9/Pi0-n 



- SECTOR ADDRESS BIT 16 



® 



NOTES I 

UNLESS OTHERWISE SPECIFIED 

1. ALL RESISTORS ARE I/4W 5°/. 

2. ALL 15; RESISTORS ARE l/SW 

3. ALL DIODES ARE IN4454 

4. ALL RESISTORS ARE IN OHMS 

5. ALL CAPACITORS ARE INjjf 




PBODtiCT NO 



I I 4 e; 



Q li 



IJ IH 16 If li Id ICsan ll33<«oiA i 



SC 1/0 3 

m 



DATE ICHECKED 



DATE I DRAWN 



Diabto Systems bicorporatod 



SECTOR 
SC - CB 



COUNTER 



40 

losureI 

sisizeIm 

IdI 



UttAUTHORIKD DISCLOSURE - , r\ f\rs 1 -7 
OR USE FRWBWTEO. I 5L0 00 17 



SHEET |TOTALMEETS|SIZElMK>DUCT MO. 

I 2 Id' 



114 5 9 Ic 



17 



PRODUCT m 



II 



511 I 



16 



1/05- K 







-READ DATA 



I/OS -18 



® 



-2F REF 



1/05-9 (9 



I/OS-Y 



REAP CLK 



& 



+ START OSC 



1/08- R 



® 



+ IF REF 



I/05-r4 



(5> 



-IF REF 







15 



^ 



13 



12 



11 



10 



i 



• 5V 
< 120 



+ 5V 

A 



DIP 
I 20' 



t 



"tSsio 



14 

4 

2 



£15. 
A A 



B 
RO, 



B^ 



C 

BOj 
749 S 



-^TET 



t-< 



oi5>- 



"^0 4 



'sio 



2 

.1213 



A A 

749S 

B B 

R0| C 

ROs 



-Jp- 



; E22 
! IK 



r^ 



J Q 
FI5 

CLK 
SII2_ 

K a 

-^ 



i 



.0^ 



CLK 
SIIZ_ 
K Q 



BIS \3 
SOO 



'"^?5>^ 



Al 



'a3° 

CLK 

SIIZ 

K Q 



YT? 



♦- — dCLK 



SII2_ 
K Q 



"Yis 



CLK 
SII2 



I 



3ii 



<|CLK 
^SII2 
K Q 



10 



SOO /-^ 



-Qi 



CLK 
SIIZ 
K O 



'15 



i: 



1 D, "a" 

g_l_nnnn_- ^ 

^-^ IMH 

+1 

'0 i .1 /lev 

: — k — f — <• 



notes: 



•^0 4 



if ii. 
ID SIO 



TP4 6N0 



UNLESS OTHERWISE SPECIFIED 

1 ALL LOGIC GATES 7400 "S " SE R I ES . 

2 ALL RESISTORS 5% , 1 '4 V/ . 

3 ALL RESISTORS ARE IN OHMS. 

4 ALL CAPACITORS ARE IN u,f , 



i 



.£7 XP2 

' IK 



1 



+ 5V 

A 



D8 TP3 
IK 



511 



IffCrERCNCE 
DESMMnom 
LAST USED 



N Ih Ig If Ie Id Ic Ib Ia^^^T 



PRODUCT NO. 



II5II 



SET PHASE 



o 



1/05 -C 



- READ DATA I/O 



<z)r 



P9-C 

10- c 



READ CLK I/O r^ ps.^ 
pro-A 



VFI 1/0 4 



BCVELOPMEHT 



m 



Wr^olKRED^^^iMT^DlIilwi^ 



D| 



Didblo Systoms 

Ha^ward, Ca.;fsrnia 94S45 



VFI- SCHEMATIC 



MOD 40 



Mnmeminim 



WBBmifimnsmir- 

SLOOOIg 



MTE|^™^|TOTALSHCET3jSIZElpmDUCT Ha 

112 IDI ■ I I ?S 1 1 



ntv- 
I A 



17 



II 



627 I 



A 11627 



16 



15 



1/05-K 



(^ 



1/05-9 



0- 





MFERCMCe 

OntWWTDM 



KFERCNCE 
OCSIGHATOAS 
LAST USED 



J^ 



13 



12 



-READ DATA 



-READ CLOCK 



+ 5 



11 



10 



i 



i 



PRODUCT HO 



1627 



T P-l 



f 



- READ DATA I/O 



■0 



INTERFACE 
P9/PI0-C 



TP-2 



1 



- READ CLOCK I/O 







P9/PI0-A 



TP-5 

® 



+ 5 



IK 



-SET PHASE 



-Tcj 1/05- 



VFS I/O 4 



m 



ffiV CCS NO 



ffEV ECO ! 

H 



REV E C D NO 



«ek K'--o mo 



REV E C C HO 



»ICV ECO HO 



REV E C a RC 



REV C C C NO 

B3647 



Rtv ECO NO 



DATE EW 



DATE Cf*EC^I3 DATE iJRAWX 



Diablo Systems Incorporated 



Bi3wetSy^?!oW( 
UNAUTKDRIliLl CtSCLOSUHE 
OH USE ^ROMlBlTEa 



VF8 — SCHEMATIC 



MOD 40 



(UA'^tO^SySTlffLotlCMoT** 

J L OOOO 



B 



11627 



B 



18 



17 



11429 



-XX I 



M 

16 



15 



^ 



13 



12 



11 



10 



1 



i 



13 



D4 



H5V 



H 



R/W-CB VIAP6-32 




SELECT FOR 



TABLE I 
INTERVALS 



AS FOLLOWS: 



CLOCK RATE 


"ds" interval 


"08"iNTERVAL 


1.56 MHZ 


450 NS 


470 NS 


2.54 MHZ 


290 NS 


305 NS 



nrm -READ data une^^^^^,^^^ 

. ^T ..U V_^ 



. 47uH 



notes: 

unless otherwise specified 
i all resistors are l/'4w 5 '/„ . 

2 ALL r/, RESISTORS ARE l/SW, 

3 ALL DIODES ARE 1N4454, 

gJOPTIONAL FEATURES 

11429-00 1500 RPM USE.' 
I00PF{I0062-I0)IN LOCATION AI7-D3, 
I0.5K I/8W I0/0I1OOO4-O3IIN 06-09. 
11429-01 2400 RPM USE." 
62PF(I006I-62)IN LOCATION AI7-D3 



m m-'^^AD CLOCK LINE ^ ^^^^,^_^ 

47jjH ^^ 



8.25K l/8WI°/oll0003-89llN D6-D9. 

[H RES 120JI.I/2W 10032-12 AT LOCATION E6^ 
300J^I/2WI0032-30AT LOCATION E7 ARE 
TO BE REMOVED IF. USED IN MACHINE 
WITH R/WA8SY^*^*S II486-XX OR 11497, 

[g] 054 08 ARE SELECTED TO GIVE TIME 
INTERVALS SHOWN IN TABLE I ABOVE, 

7 ALL RESISTORS ARE IN OHMS. 

8 ALLCAPACITORS ARE INjjf . 



H 



1/0 1- 10 (10 



v+DATA/CLOCK GATE 




SPARE 



BI3.HI3.EI3 




D/CS 1/05 



m 



MODUCT NO, 



Incv ECO NO. Irev ec.q ho Irev e.c.o no 



l4?q-.yY 



REV E.c.o, NO. 

F 



E.C,0. NO. |«V 

D 



REV ECO NO REV E.C.O. NO. REV E.C.O. NO 

Q B 3231 f^30M 



DATE CHKHED 



DATE DHAM^ 



Diablo Systems Incorporated 



DATA/CLOCK SEPARATOR CKT. 
D/CS-CB SCHEMATIC 



'-40 



PROPRIETARY INFORMATION 

UNAUTHOfltZED DISCLOSURE 

OB USE PROHIBITED. 



TOTAL SHEETS 



I 2 



SYSTEM LOGIC NO. 

5LQOQ20 

PRODUCT MO. ^ 



11429-XX 



REV 

a* 



18 



17 

II5I9 I 



16 



i^o.-z. @-DATAeT INHIBIT 



i/o« 



..0 



+2FREF 



1/04- 



■■& 



■SET PHASE 



1/06-18(180 



-2F REF 



1/06 



-s0 



■RSTLA6 1.T 



P6-Slfe| 



•FILE DATA 



15 



uA 



13 



12 



11 



10 



i 



1 



acc 



t2 



Ufi. 



JctQ 



11 



SII2 



10 



L-^04 , 



;f5 



I/O 1-10 no 



,+DATA/CLOCK 6T 



L. 



1? 
c 

SII2_ 



14 



P3_ Ab 
SOO P~ 




SOO 



1 r£. 



03 V" 

SOO 




- I* ' I « ' 

^ >| « 240n«— »• 



i 



-+4V 



II5I9 f^"-, |p? 



-6ND 







8 15 



=I^^§V^ ill SCO /-^ 

8 sio r I -^ 7 



lis \-6_ 
SIO /-^ 



Oi_5 V8_ 
10 SOO 



-CC 



2, 



E3 



Slli_ 
K Q 



lie 



15 







JMO.I J20 +5V 



I S 5.IK 



A'O 
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NOTES: UNLESS OTHERWISE SPECIFIED. 
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4. ALL RESISTORS ARE OHMS. 
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D/CS 

m 



1/0 5 



PBODUCT NO 



.^-,__ \/ \/ I REFERENCE 

lfiS7-XX lsu'=".«™'« 



IJ IH lO IF IE ID IC 



I1k^e.w). mo. |rev e.c.o. tio ~|hfs" 
B: 



Ec.c.a fio Imi 
2998 I 



DATE I CHECKED. 



13 6 25 lAzsde 



Diablo Systems Incorporated 



DA'TA /CLOCK SEPARATOR CKT. 
D/CS-CB SCHEMATIC 



40 



^Wf?Tl3t^i(?5iRnnoi!f5r5TkM lo«ic no. 

Ofi USE MOHIWTEft I OL'-'WUCC 



llfftODi 



O^yg SHEETITOTALSHEETSlSIZElfftODUCT Nft T 

I ! 2 iDl 11637-XxIb a 



H 




1/05-0 



1/05 -E 



ay 



r^. 



0.1 T V 



SPARE 



IB V 




^^^T?V^ 



notes: 

unless otherwise specified 

i ALL LOGIC GATES 7400 "s" SERIES, 
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NOTES : 
UNLESS OTHERWISE SPECIFIED 

1. ALL RESISTORS ARE 5%,I/4W. 

2. ALL 1% RESISTORS ARE I/8W . 

3. ALL DIODES ARE IN4454. 
E3 OPTIONAL FEATURES: 



4.2 FOR SERIES 30C0MPATIBLITY WITHOUT INTERRUPT 
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A WIRE JUMPER. 
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JUMPER. 6. ALL CAPACITORS ARE IN pf. 
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notes; UNLESS OTHERWISE SPECIFIED 



I .ALL RESISTORS ARE ±5°/o I/4W 
2. ALL 1% RESISTORS ARE I/8W 
3. ALL DIODES ARE IN4454 
4. ALL RESISTORS IN OHMS 
5. ALL CAPACITORS ARE IN jaf 
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[ej OPTIONAL FEATURES 
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unless otherwise specifed 

! ALL RESISTORS ARE 5°/o l''4W 
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UNLESS otherwise SPECIFIED 
' ALL !•/, RESISTORS ARE I/8W. 
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® 



M07-M 



MOT- 9 



M07-J 



MOT-il 



'8J6 



COUNTER INTERLOCK 



?^36 



<^ 



M09-J 




L£ |7426y 



J°]7426/^ 




- POSITION TERM 



PICK 



- PICK B 




12, _ Li. 7426yP' 

LL£ 7426/ 



|_5 7426/ 



-,^2 



-JZ(| 



- )Z( 4 



- 03 



+ 5V 



J5I 
20K 



H49 + 
35 V 774 



SETTLING 

OS-2 

lOMS 

±2. SMS 



^ 



74123 




F50 



VI 



.4« |ii5 



i9.2K I 

'"• 4J1 



i ^ 






F50 

74i1j 



c 



J P Q 

85t 
CLK 

74 7« 



,6 



I 10 r 
I 9 I 



w 






BSI 

CLK 
7475_ 
K g a 



yr 



CARRIAGE 
POSITIONING 

FF-2 



B23 A- 

I2_ iAAaJ 

i ^B2J\,h!470 



/rT) M07-N 

.A_^„07-.B 

J__0 M07-V 
-A_^ M07-I5 
/s) M07-S 

-(g) M07-I9 
-(w) M07-W 
-(|6)M07-I6 

-(2)m07-T 




INPUT 
INHIBIT 



■(d)m 



09 -D 



- READY TO 
E42 S/R/W 



10 K 



spares: 



1/7 404 1X7404 



01^ 
7404 

DiSX)^— J^X^ 

7404 D^36 



BI5 

7400 



5 7426 



AS I 
7420 



VIAP5-II 



D39X'* -2^— READY TO S/R/W 



{J^)R/W-CB VIAP5-5M6-I4 
l/OI-S VIA P5- 5 



MC9-H 



H 



raODUCT KO 



I 1407-XXis^tS'o'" 




A5I 

74a 0> 



■.(■ 5, 



+ 5V 
E45 ^ 
-A/\A, — I 
4.7 K 



AL2 MOB 



4 

X AI3,A25,A37, 
I'ovT *49^I3,E2S 



JT A49^I3,E2S 

1 E37,£49, iKv EX.0. ■». mv 
^ J37,J50 jj IH 



e c.a M. Tmv E.C.O. no. 



MV ECA NO. IREV C£.0. NO. 






REV E.OO- NO |IKV CM. NO. 

c 



[V E.C.O. MO 

lA 



MTElDflAWf) 

I 



Diablo Systems Incorporated 



MODEL 



ADDRESS LOGIC 2 

AL 2 (200 TPI ^ lOOTPI) 



40 

UNAUTHOnZ£D DOCLOSURE 
OR USE HWwntft 



SHEET 



TOTAL SHEETS 



[SuBe 



%AH\i L^ NO. ' 

S 1-000 35 



i>R00iH;T MO. 



I 1407-XX 



i 



18 



PRODUCT PKl 



17 

1404-XX 



16 



15 



14 



i 



13 



12 



11 



10 



i 



U 



'I4Q4XX 



DEVELOPMENT' 



SH2 FI0B39-6 



SHE 


H7 


H27 


±i 


SH2 


C4 


BZ7- 


1? 


SH2 


EU 


EI5 


rJ 




-RESTORE COMMAND 



M05-S 



M06-I7 



(D 



+ SPINDLE DRIVE ON 



836 



+ 5VA JIJ 
10 5 



-I- HEADS OVER TRACKS 



(e)^ 



A JI3 

^>0 » — Wv-f— 7 

836 lOK -LI 






/836 



M06-U (18 



ZERO TRACK SENSING 



. ,,^ .£11 \ 13 



SET0NLEA6lMeEb6E 

0/ "spindle drive 

ON* OR RESrORE 
IS eXEOUTED- 



7404 



■ 1^« NESATIVE PULSE 
ON LEADING EDSE 
0F"SPINBLE DRIVE ON* 



' -•■ SPINDLE DRIVE OFF 



eno around carry 
iiU::ii.J» 



CARRIAGE 
POSITIONINS FF- 

_i ZJc ^ 

+ 5V. F46 ^CLK 



HEADS NOT RETRACTED 








-COUNTER INTERLOCK 



REV. 



PART NO. 



11404-00 



11404-01 



11404-20 



I 1404-21 



DESCRIPTION 



PCB ASSY - ADDRESS LOGIC I lOOTPl 



PCB ASSY— ADDRESS LOGIC I lOOTPI 
SERIES 30 COMPAT 



P CB A SS Y-ADDRESS LOGIC I 200TPI 



P CB ASSY - ADDRESS LOGIC! 200TPI 
SERIES 30 COMPAT 



REMARKS 



H39A H33B 



90« ns 

±I90NS 



±IOJUS 



eooHS 

+ IBONS 



3! .US 
±IOilS 



J JUS 

r .8JUS 



S JJS 
■¥ZJIS 



I JIS 



+ i ais 



CAPACITORS 



RESISTORS JUMPER 



J39 



270 pf 



.0033 



270 pf 



.0033 



J44 



300pf 



.001 



300 pf 



.001 



J4I 



5. IK 



33 K 



5. IK 



3 3K 



J45 



lOK 



I5K 



10 K 



I5K 



03 



22AIV6 



PRODUCT NO 



I 1404-XX W^r 



I REFERENCE 
OESieHATORS 
LAST USED 



22AW6 

ficv c. 
J 




Alg,A49,D37,FII,E4B 
.1 03S,J49 



H IG IF 3813 Ie ID35>T^IC3ai4 !■ Ia I 



+ CARRY BIT 1 



-► SH2H5J15-13 



(SUM BIT FOR 100 TPI ) 

+ SUM BIT 1 



® 



M08-I4 



- DIRECTION CONTROL 



(HIGH TO RETRACt ) 

+ RETRACT SPEED 



® 



M09-E 



SH2 C|4 F39-5 



+ RETRACT SPEED 



(HIGH TO "RETRACT") 



<i) 



Moa-4 



- COUNT UP FORWARD 



SPARES: 
'0 ! 7400. 



SH2 H8 H27-5 



836 



-^-^>CV— 



COUNTER INTERLOCK 



SH2 C6 DI5-5 



7p^ 

■Z j 7420 / 



-COUNT DOWN REVERSE 



NOTES ; 

UNLESS OTHERWISE SPECIFIED 

1 ALL RESISTORS ARE 1/4* I 5% 

2 ALL IV.RESISTORS ARE I/8W 

3 ALL DIODES ARE IN4454 

4 ALL RESISTORS ARE IN OHMS 

5 ALL CAPACITORS ARE INjjf 

|T]SEE CHART FOR VALUES 
AND TIME DELAYS. 

1 



>■ SH2 H8 H27-4 

ALi M09 

m 



DATE ICHECKED 



OtCn. I DRAWN 



H 



Diablo Systems Incorporated 



ADDRESS LOGIC 
ALI- CB 



40 



PRoffifFTtF^rTjfBSWRBJPrsTR^einJa^^ 

UNAUTHOR^ZEO DISCLOaiREl n , n f\f\ -m -^ 
OR USE PROMiaiTED. I SLQOOjf 



SHEET|TOTAL SNEETSjSIZE jPROOUCT NO. 

3 Inl M^in<a_vv IP 



17 



M 



15 



ul 



12 



II 



J<L_L 



i_L 



'404-XXl 



PftOOlCT NO. 



I 140 4-XX 



1:5 



SHI F5 FI5-11 



SHI C5 FI9L-a.- 



■= COUNT UP FORWARD 



-COUNT DOWN REVERSE 



M08. 



-0(0)^ 



INPUT INHIBIT 



B'l$ 7475 A+5V 

14 



0-BIT 
7777 



-BIT 128 



1/08- IT (10] 

P5 -12 



OB 100 TPr ) 

-BIT 64 



y--s -en 

1/02.W Cii>;7f7 



(34 FOR lOvTPI) 

-BIT 32 



P5-I3 
l/02-U'(l4J 

P5-24 



OS lOOTPX) 

-BIT 16 



( e FOR lOOTPl) 

+ 5V 



>VIA CABLE P5 



u 



r^ 



"T 



i 010 



t^.^y 



13 



P^.:3^ 



(NOT usee) 



lA)2-y (13 



l/02"-l6 (^R 
P5-26 



-BIT 8 



(4 FOR lOOTPI ) 



1/02 

P5-Z2 



-2i(pV1 



12 FOR lOOTPX) 

-BIT 2 



FOR lOOTPl) 



1/02 -S 
P5-9 



& 



BIT I 






MOT USED FOR 
iOOTPI 



r 



1/02 
P5-I4 



-0 



-BIT 256 



10 



1/02-x {i2) 

P5 -15 



( 128 FOR 100TPI ) 
- STROBE 



i/02-20 
P5-18 



®= 



- RESTORE 



T 



+ SV 



v^ 



. 011 
IK 



ONOT A- 
T USED 



J 



B.3 \3 

leo 



iiVi. 

380 J 




^]1 7410 >^ 



io. 



380 y^ 



H3 

3S0 



> 



380 



LOW IF 

illesal address 
(>sob) 



f 






t-C Eis A: 



ill jtT" 

Th !5 



-H0: 



READY TO S/R/W 




> H39 A 
74123 

75 



7404 



M06-S (8 



SHI OZT-8 



INITIAL RESET 



■^ 



RETRACT SPEED 






»„, n. T. ^COUNTER INTERLOCK 



"I SEEK 
6 I ADDRESS 
REGISTER 




J45 



J44 :^ 



f^ 



1 — M o 

HS9B 
^74123 




_^ 



icF^>- 



A15 
7483 



F35 
47 



(NO SIGNAL FOR 100 TPS! 

4- TRACK 256 ,-^ P5-7 
P6-6 
R/W-CB 



A 

B 

C H27 

7419 3 

CU 
CO 



C LOAD BORROW > 



CLR CAHBrbi^ 



I14J 



45V 



'. 152 

'■ IK 



— I F<!_e 

T -00 : 



i^ 



TRACK 
COUNTER 



A A 

8 a 

c £12 c 

74193 



CU 

-CD 

■QLOAD 

CLR 



BOHBOWCV 
CARRY > 



Al S3 

A2 

A3 S2 

A4 

81 SI 

B2 

BS S4 

B4 C4 

CO 



(hish if "aoor>256 ) 
+ SUM giT 128 



®P5-T 
P6-6 
R/W-CE 



+ SUM BIT 64 



+ SUM BIT 32 



<5) 



MOB- C 
M08.- 3 



+ SUM BIT 256 



2) M08- 2 



SUBTRACTOR 



JI5 748 3 



-o I 
2 



-O 8 



7437y 



''a 

B39 



CLK 5 
C^ 



7rv3 

_858/ 



J3 

8i8 



JI2 
lOK 



' ill 
! lOK 




Al 
A2 
A3 S3 

A4 

S2 
B I 

82 SI 
B3 *' 

«♦ S4 
CO C4 



AI3 ^ 
4 70pf -i- 
SOV 



(H16H IF BINARY 1 ) 

NO 256 W/IOOTPI) 



B) M08-B- 



+ BIT NO. I 



+ BIT NO. I 



f»- SHI K12 J5I -2 



(D 



M08-5 



+ SUM BIT 8 



+ SUM BIT 4 



20) MOB- I 7 



+ SUM BIT 2 



+ SUM BITI6 



/^) Moe— * 

■(7) M08-X 



19) M08-U 



+ BIT NO* 2 



(HIC-H IF "set") 



® 



- TRACK I 



»-SHIKI2 J5I-I 



" A24 



.->470pf 
-±r 50V 

-ADDRESS ACKNOWLEDGE OUTPUT 



© 



-LCOiCALAP-'Rb^S INTERLOCK OUTPUT/ 



1/0 2-2 

P5-3I 



1/02-14 



16) P5-3£ 



- niTIAL RESET 



fc.SHIG9E39-.fl 



1^404 



.J 



-DIRECTION ENABLE 



-RESTORE COMMAND 



»SHIH9 B27-I I 
•SHtaU A8-J 



+ CARRY BIT I 



SHI L6 E27-B 



iiAnzL-yy 



D Ih lo IF3«3 ft |D3553k3ei4|i lA r 



MTElCHECKED 



ALI M09 



Diablo Systems Incorporated 



ADDRESS LOGIC 
ALI-CB 



40 



SL0003 8 



SHEET 

2 



roiiu.McciNi 
3 



mmmmkt ho. 

I I 4 4 -X X 



17 



16' 



15 



u_L 



13 



12 



11 



10 ' f 9 



i^ 



II486-XX 



IPftOOUCT HQ 
I I486 



-XX PZs 



D6 



M09-5. ./r \+TRACK ass 



1 



I/O i-»f22) 



WRITE DATA 



'858 



i/oi-P(E5, 



DISK SELECT 



I / o I -2.0 (24 



(LOW FOR ""upper") 

HEAD SELECT 



SH2 - 

F 7 - H9-8- 



{LOW FOR "UPPER-") 

-WRITE PROTECT 



1/01-0(15 



WRITE GATE 



1/0 1-17(18 



.-ERASE GATE 



VI* ps-iovj/ 



INITIAL RESET 



M0 5 -J 
VIA P5-30 



,■4- SPINDLE ENABLE 



HS6-I6 



UPPER HEAD LOWER HEAD 

UPPER 

DISK 



,_nTr^ 




UPPER HEAD LOWER HEAD 

LOWEI? 



ry^Y^ LOWES 

(-J ' ' *—j DISK 



YY " ■ 



ER<.SE BUS 



,K-nnnri 



rTYTL_^ 



BI07' 



»I0» BIOS 



>_nnnn_^ 



+ 24V 
077 4> B77 

2N3644 



-24V -*- <* I5R 

£80 

v^2NS6<13/'p>\ 

S? E8J VV 

IK 25*916 



■READ GATE 



i/oi-ia 



VIA P8-5n4 



-READY TO S/R/W 







H70 

13. 3K 
1% 




"JK E77 



HEAD BUS 



-^■H2-iiW-8l08 



HEAD BUS B 



►SH2-Jie-BI0» 



H82 27 A + 24V 




872 

2N3644 



o 



2N49I6 



-«4V— ,iL 5l5K 



v'2N364 3 /K\ 



LIS ETzMi/ 
IK 2N49I6 




*-AA'N^' 



4^H60 

■4aaaJ IK 



H75 
470 



-DISK 
SELECT 



-^8H2-EI3- 0»-ia 



•(• DISK SELECT 



^■sHa-Fis-DSr! 



(NOT USED) 



+5V HTl 
A 4.7 K 

J7I 

J2N3643 



® 



B37 



i^H74 



Ha 



37 y^n 

380 



WRITE FAULT 



13 17400 _ 



+ 24V 

>J77 4.7K 



JTB SVJTr./ 

J80 5V ITo/ 



+ 5V 
AJ76 

4.7K 






ali\i4 

380 f— 



— I.5K, I/-2W 



- WRITE CHECK INDICATOR 



l/OI -II 
P8 



PANEL 
lO) VIAP8A-10 



-'VW 



VOLTAGE CHECK 



2N3645 



(hish for "write FAULT").6 



754 52 



f-=-iiir\y 

2 75452 P 



' /^ Tb26 I.SK.I/Iw 



- FILE READY OUTPUT 



- FILE READY IMDICATOR 



" 



I -14 



(28; I/O I -21 1/03-21 
P8 



<1) 



PANEL 
VIA paA-7 



09 
7 400 



- READ ENABLE 



5 390 




i/oe-p 
+ FILE READYz -fOa-p),,;, p^.,, 

(HIGH F0H"READY"")'<jy"° ""•'l 

- SPINDLE ENAB LE^ "1 „,. , 

■ — ^SH2-FIJ-028-J 



H 



056 

,.^,-WRITE PROTECT INPUT j sjaao 
1/01-2(19) ^^ — *■ 



3B0 y 



+ WRITE PROTECT INPUT 



I35i> 



►-SH2-FI3-D9-2 



& 



(NOT USED) 



7, RESISTORS B7I f J43 ARE 
TEST SELECT. 



\ D37 
12 380 



WtOOUCT KO 



I t48fi 



-XX \z 



notes: UNLESS otherwjse specified 

I. ALL resistors ARE± 5°Io, 1/4 W . 

2, ALL 1% RESISTORS ARE 1/8 W. 

3. ALL DIODES ARE 1N4454. 
[4]F0R write PROTECT OPTIONS, FOR UPPER OR LOWER DISK, INSTALL IO-tl 

f?ESISTOR IN Eli OR ElO. FOR WRITE PROTECT ON BOTH DISKS, 
OMIT ElO a Ell RESISTOR. 

5. ALL RESISTORS ARE IN OHMS. , , , , , , 

. , ^^^^^.^^r^^ A~.- .A. i Imy E.CO. NO. |>tV tea no. IMV t.C.O. ho. IKV £i.O. NC. IREV tC.O. HD. laCV E.C.O, K. IMV ECO 

6. ALL CAPACITORS ARE IN j,f . jj 3725 |H3692 |G3B56 |f | E336I iD3 69l|c 



PART NO. 


E-C.O. 


REV. 


11486-00 


4860 


L 


(1486-02 


4860 


K 


11486- 10 


4860 


C 



PART NO. 


E^CO- 


RE\^. 


l!4eG-12 


4860 


F 


11486-20 


4081 


6 


11486-30 


4081 


B 



L4860 



itev E.c.a NO. 
Bo793 



K408I I 

^v E.C.O. mo'1m'f< 

A r 



R/W 

m 



Diablo Systems Incorporated 



READ WRITE AMPLIFIER 
R/W 



UODCL 



'40 

UHMrTHOHtZCO DtSCLOSUW 

OH use WWMIWTER 

■OT*L SHEETS 



SHEET 

I 



SIZE 



SYSTEW L06IC MO. 

SL00039 

ntOOUCT NO. 



1486-XX 



18 



17 



PRODUCT Ha 



11679 I 



16 



15 



-L 



13 



12 



11 



10 



i 



i 



FROM SERVO REL. SWITCH PIN A <^ 
FROM SERVO REL SWITCH PIN B <3> 



7 SERVO HOLD 



FROM HS P2A-I /\^ +5V 
(HARD WIRE TOJ9I-83IC 75452) \/ 



FROM HS P7-I <^ 



FROM HS P7-3 <^ 



FROM HS PIA-2 



(hard WIRE TO J9I-I^IC 75452) \/ 



R3 

DRAWER ^;^K 

3 UNLOCK ENABLE 



notes: unless otherwise specified 

l.ALL DIODES ARE IN4454. 

2. ALL RESISTORS IN 0HMS55%jl/4W. 



spares: 



PHOQUCT HO 



11679 




<^ TO HS MP-A VIA YEL WIRE 
<(y> TO HS MP~B VIA BLK WIRE 




Dl 



IfiTQ 



IBEFI 
QESI 



Ipe^^^^TnoTrev" E c.a NO fnev'TcnoTREv^^aNoTReTiET'o no incv e.c.o. no Ihev e.co nc Irev e.c.o. no |=f7 0. no Im 
J Ih Ig If Ie Id Ic Ib lAif949| 



m 



DATE ICh'tCflED OATElOB^Wf* 



Diablo Systems Incorporated 



SERVO INHIBIT 
SI-CB SCHEMATIC. 



-40. 



' =HIET«nV INFO-lMiiTION 
. * ':!\ jF.a DiS^..OSURE 
- . E [■■■'(■•■■■IB £D. 
I- "' I JU.." " -SISIZE 

I 3 IB 



SYSTEM LOGIC NO. 

SL00047 



PRODUCT NO , 



1679 



18 



17 



16 



PP.ODUCT HC 



11435 



PRODUCT NO 



114. -^R 



15 



u_L 



TO TC-7 VIA P3 
TO TC-17 VIA P3 
FROM MB VIA PS 

FROM MB VIA P3 

FROM MB VIA P3 

TO M05-W VIA P3 

TO MOS-V VIA P3 

TO M05-I8 VIA P3 
TO M05-I9 V1AP3 
TO M05-2I VIAP3 
TO M05-20 VIAPS 
TO M05-U VIAP3 
TO MOe-7 VIAP4 

FROM M06-2Z VIA P4 

FROM M06-2a VIA P4 

TO M06-V VIAP4 

TO M06-I8 VIAP4 

TO M06-W VIAP4 

FROM M06-I9 VIA P4 



FROM M06-X VIA P4 
TO M06-20 7IAP4 
FROM M06-2I VIAP4 
TO M06-Y VIA P4 
TO MOT- R VIA P4 
TO MO 7-14 VIA P4 
TO M07-B VIA P4 
TO MOT-2 VIA P4 

FROM M02- T V1AP4 
FROM M02-S VIAP4 



13 



12 



11 



10 



i 



P3A 



I 3 
l<— 



1^ 



[^ 



^ BRUSH SWITCH A 



P4A 

12 



5i 



TEMP SENSiNS"B 



TEMP SENSING "a' 



GND 



8N0 



GND 



ur-r 



RETRACT SWITCH B 



RETRACT SWITCH A 



BRUSH SWITCH B 



LOAD/RUN SWITCH B 



LOAD/ RUN SWITCH A 



DISK PACK INTERLOCK SWITCH 



DISK PACK SAFETY SWITCH 



SND 



SND 



UPPER INDEX MARK TRANSDUCER 



SND 



LOWER INDEX MARK TRANSDUCER 



GND 



HOME SENSOR LED 



HOME SENSOR ^'•B'' 



RH 



6ND 



HOME SENSOR ^"a" 



CHANNEL A 



CHANNEL A 



CHANNEL B 



CHANNEL B 



- TRANSDUCER DRIVE A 



4- TRANSDUCER DRIVE B 



RP 
-VvV- 



RT-C 



RT-B 



RT-A 



DS-C 



DS-B 



HX-S 



HX-L 



HX-B 



HX-C 



HX-A 



BLK 



YEL 



WHT 



BLK 



i 



-o 
-o 





o 



PI2A 



12 

— > 



o 
o 
o 
o 
o 
o 

o 
o 

o 
o 
o 

PIS 



r^ 



11435 



FROM THERMISTOR 
FROM THERMISTOR 
TO RETRACT SWITCH 



FROM RETRACT SWITCH N.O. 
FROM RETRACT SWITCH N. C . 

FROM BRUSH SWltCH N.O. 
FROM BRUSH SWITCH N.C. 
FROM L/R SWITCH LR-B VIA PI2 
FROM L/R SWITCH LR-A VIAPI2 
FROM DISK INTFRLOCK SWITCH 
FROM DISK PACK SAFETY SOLENOID 
TO BRUSH SWITCH COM. 

TO P0-l2fL/R SWITCH LH-C VIA PI2 

FROM PDI4 VIA PI2 
FROM PD 6 VIA PI2 
FROM PDIO VIA PI2 
FROM P08 VIA PI2 
TO BRUSH MOTOR TSI-I 

FROM DISK PACK SAFETY SWITCH COM 

FROM DISK PACK SAFETY SW ITCH N.O. 

TO HOME TRANSDUCER ASSEMBLY »LEO 

TO HOME TRANSDUCER ASSEMBLY^LEO 
FROM HOME XOUCER ASSY PHOTOSENSOR 

TO HOME XDUCER ASSY PHOTO SENSOR COM 
FROM HOME XOUCER ASSY PHOTO SENSOR 
FROM POSITION XDUCER STATIONARY MEMBER 
FROM POSITION XDUCER STATIONARY MEMBER 
FROM POSITION XOUCER STATIONARY MEMBER 
FROM POSITION XOUCER STATIONARY MEMBER 

TO POSITION X^DUCER MOVING MEMBER 
TO POSITION XOUCER MOV INS MEMBER 
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1. DARK BAND INDICATES CATHODE OF DIODE. 

2. MARK ASSEMBLY WITH APPROPRIATE DASH NO. IN 
AREA SHOWN WITH CLEARLY LEGIBLE, PERMANENT 
NON-CONDUCTIVE CHARACTERS. 
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NOTES: UNLESS OTHERWISE SPECIFIED 

1. ALL 5% RESISTORS ARE I/4W. 

2. ALL 1% RESISTORS ARE 1/8 W. 

3. ALL DIODES ARE IN4454. 

4. DARK BAND INDICATES CATHODE OF DIODE. 

5. OPTIONAL FEATURES: 

5.1 FOR 100 TP! OPERATIONS: (11407-00), J55 AND J57 COMPONENTS 
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5.2 FOR 200 TPI OPERATIONS: (ll407-20), J54 AND J56 COMPONENTS 
ARE USED. 
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NOTES: UNLESS OTHERWISE SPECIFIED 

I.DARK BAND INDICATES CATHODE OF DIODE. 

2. SQUARE PAD INDICATES EMITTER OF TRANSISTOR. 

3. MARK ASSEMBLY WITH APPROPRIATE DASH NO.IN 
AREA SHOWN WITH CLEARLY LEGIBLE, PERMANENT, 
NON-CONDUCTIVE CHARACTERS- 
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